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PUBLISHER'S PREFACE TO THE SECOND EDITION. 



In the interval which has elapsed since the first edition of 
this work was published, we have been so fortunate as to 
secure the . assistance of some gentlemen to add reports on 
different manufactures, which were unavoidably omitted on 
the former occasion. These Reports include — 

The Manufacture of Carpets By Mr. W. Hendebsoh. 

Ditto Hate By Mr. W. Wilson. 

Ditto Bope By Mr. G. Lucklst. 

The Improyementa of the Biver Wear ... By Mr. T. Meuc. 

In our preface to the first edition, we were enabled to 
include a valuable Table of the Shipping with cargoes, out- 
wards and inwards, of the North-Eastem Ports, for which 
we were indebted to the coiurtesy of H.M. Collectors of 
Customs in this district, and we have now the pleasure to 
give the following interesting Abstract of Shipping Kegistry 
Returns prepared by Mr. Luckley, firom which it appears 
that the value of the shipping, owned on these three rivers, 
amounts to the extraordinary simi of £5,099,000. 

TONNAGE AND VALUE OP THE SHIPPING OWNED ON 
THE TYNE, WEAR, AND TEES. 



■ IVEt TTIE. 






Ho. Toiraac*. 


▼aiiu. 




Newcastle— SftiUng vesaels 461 ... 107,379 .. 


. A680.000 




Merchant steamers ... 23 ... 8,995 .. 


. 225,000 




Tugs and river craft ... 90 ... 1,895 .. 
574 118,269 


60,000 


A965,000 


Carried forward 


£965,000 
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Brought forward £965,000 

Ho. TomiAca. Valns. 

NOBTH Shibldb I Sailing Tessels ... 681 ... 178,460 ...£1,120,000 
Bitth. wukwoctb. ( Merchant steamers 2 ... 658 ... 16,000 

Ambla). J _ ' 

Tugs 180 ... 1,676 ... 50,000 



768 176,789 




South Shields— Sailing yessels ... 814 ... 90,641 


... £580,000 


Merchant steamer ... 1 ... 169 


4,000 


Tugs; 21 ... 400 


16,000 
549,000 

£2,700,000 


886 91,210 


TTIE PBIT8. 




Totals-SaiUng vessels ... 1406 ... 871,480 


... £2,280,000 


Merchant steamers... 26 ... 9,817 


... 245,000 


Tugs and river craft 241 ... 8,971 


... 125,000 

£2,700,000 


1678 886,268 





IIVEI WEAB. 

SUKDEBLAND ) Sailing vessels 869 ... 210,968 ...£1,448,000 

(8«*ii.iii>. j Merchant steamers ... 29 ... 14,401 ... 860,000 

Tugs 59 ... 839 ... 27,000 

£1,830,000 

947 226,208 — — 



IIVER TEES 


• 






Habtlepool— Sailing vessels 118 ... 


82,166 ... 


£200,000 




Merchant steamers ... 2 ... 


864 ... 


22,000 


£222,000 


115 


88,080 


West Habtlepool— Sailing vessels 59 ... 


10,888 ... 


£60,000 




Merchant steamers 10 ... 


8,619 ... 


90,000 




Tug steamers ... 4 ... 


52 ... 


2,000 


liiSnnn 


78 


14,004 




MlDDLBSBBO'— Sailing vessels 66 ... 


9,886 ... 


£62,000 




Merchant steamers ... 5 ... 


1,802 ... 


45,000 




Tug steamers 13 ... 

84 


277 ... 
11,916 


8,000 


106,000 


Carried forward 


. ... ... 


£479,000 
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Brought f ovwwd 


••* ... 


... 


... ••* 




V«b 


TWMt*. 




TafeM. 


StocaaoV'-Saaing reflselB 


... 41 ... 


9,340 


••• 


468,000 




... 9 ••• 


641 


... 


21,000 


Tagiteamen 


... 11 ... 


968 


... 


6,000 



58 



10,844 



Tilt rilTS. 



Totalft— Sailing Teaeelfl... . 
Merchant Bteamen . 
Tngc 



278 
20 

28 

827 



61,576 

7,126 

592 

69,298 



A479,000 



90,000 
4569,000 



4876,000 

178,000 

16,000 



4669,000 



AMMiAn TITiat IF TK TIKI IIVIII. 



"Tyne porta 1,678 ... 886,268 


... 42,700,000 


Wear ditto 947 ... 226,208 


... 1,880,000 


Teea ditto 827 ... 69,298 


... 569,000 



2,947 



724,864 46,099,000 



The importance of the three Northern Rivers, as regards 
Shipping, is apparent on comparing their Tonnage with 
that of the principal rivers of the Kingdom : — 

.. ... ••* ... ... ... Jl,Xvv,.fvB 



MILCXBCy a.. ... ••• 

Thamea 

The Three Northern BiverB 
Clyde • 



1,059,866 
724,864 
868,097 



The additional information we have obtained, enables us 
to give the following more correct statement of the annual 
value of the Mining and Manu&ctured Products of the Dis- 
trict of the Three Northern Rivers : — 

Annual Value of thb Mining and Manufaoturbd Products. 



CkMda 


••• 




.. £6,660,471 


Metallurgical prodncts ... 


... 




.. 8,707,941 


Chemical mannfactorea ... 


••. 




.. 1,683,220 


Textile xnaxiiifactiires ... 


••• 




.. 972,400 


Leather 


... 




.. 186,669 


Glan and clay wares 


■•• 




.. 1,066,660 


Iron and timber Bhipbuilding 


••. 




.. 2,276,828 


Engines and machinerj ... 


... 




.. 1,928,600 
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We are glad to avail ourselves of this opportunity to 
direct attention to one important branch of manufactures 
for which this district has long been celebrated. The 
importance of the Chemical Manufactures to this locality, is 
daily increasing, and the discovery of the bed of Rock-salt 
at Middlesbro', wiU probably still fiirther stimulate their 
growth and development. 

The combined advantages of cheap and suitable fiiel, 
chalk, building materials, &c., and low freights to all parts 
of the world, which are found in the Tyne, have naturally 
given this locality, preeminent advantages over all other 
ports, and led to the establishment of Chemical Factories, 
where about one-half of all the Chemical Products of the 
Kingdom, are now manufactured. 

Few persons are aware of the importance of these 
manufactures to a locality which supplies the raw materials 
at a small cost, but where, by the imion of scientific knowledge 
and manual labour, they are worked up into forms of greatly 
increased value and of almost imiversal application. It has 
been said, that for every 100 tons of Chemicals manufactured, 
employment is given to 250 tons of Shipping, and support 
to 30 or 40 individuals, whilst 250 tons of coal are consumed 
in their production. This district is a large exporting locality, 
and the imports of sulphur ores, salt, chalk, manganese, 
timber, &c., for the use of the chemical manufactures, assists 
in cheapening both inward and outward freights. 

This volmne also contains some remarkable illustrations 
of the benencial effects of the Free Trade Legislation of past 
years. 

The repeal of the import duty on lead, has been followed 
by a large increase in the quantity of this metal imported 
from Spain, and at the same time, it has been accompanied 
by a considerable development of the lead mining of this 



(7) 

district The import of this metal has also been the means 
of introducing a new trade^ which, but for the faciUties 
affi)rded by the shipments of lead, would probably never have 
arisen. This new trade is the import of Esparto grass from 
Spain, for the use of the paper-makers. This grass is a very 
bulky article, and could scarcely bear the cost of freight, &c., 
unless combined with a heavy material like pig lead. 

The rapid growth of the Esparto Grass Trade is seen 
from the following Table of Imports, which has been kindly 
prepared by Mr. C. O. McAllum : — 





UNTTXD KIKODOM. 


TTME. 


1856\ 

1867/ 


Tons. 
... 468 ... 


Tom. 
468 


1858 


No import ... 


No import 


1869 


192 


192 


iseo 


... 1,600 


1,224 


1861 


... 8,116 


2,618 


1862 


... 11,686 


9,634 


1868 


... 22,967 


18,848 


lat 6 montlul 
1864 / " 


... 26,786 


20,891 



Such fects frimish a striking proof, how one trade, left 
perfectly free, may assist and develope another branch of 
industry, which was not even in existence at the period when 
the impost was repealed. The removal of the duty on the 
import of pig lead, has thus assisted the paper trade to meet 
the effects of recent legislation, to which special reference is 
made in the Report on the Manufacture of Paper. 

Further, the impolicy of restrictive measures in trade is 
shown in the effects of the action of the late Neapolitan 
Government, in imposing a duty on the export of sulphur, 
which has been nearly superseded in our chemical manufac- 
tures by sulphur ores. Many of these ores contain copper, 
but in so small a proportion, as not to pay for its extraction, 
except by the utilization of the sulphur ; and we are now 
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witnessmg one of the consequences of the above measures, in 
the working of poor cupreous sulphur ores on the Tyne. 

These facts assist in proving the wisdom of the legislation 
of late years in giving the most perfect freedom to trade and 
commerce, from which we anticipate that this district will 
continue to reap additional benefit, whilst we trust that the 
increasing emplojnnent for our deserving and hard-working 
population, will be accompanied with greater comfort in their 
homes, and the healthy intellectual, moral, and religious 
improvement of all who are earmng their daily bread by the 
labour of their hands. 

In conclusion, we may be permitted to refer to the recent 
Act of Parliament for the inspection of alkali works, and to 
congratulate the manufecturers on the appointment of Dr. 
Smith, whom we beUeve to be, in every way, qualified to 
discharge the difficult and delicate duties of this office. We 
also beheve, that in the great majority of the alkali works of 
this district, he will find the most efficient apparatus for the 
perfect condensation of all the acid vapours, and a most 
earnest wish, on the part of the manufacturers, to adopt any 
really practical improvement in the management of their 
works. 

Note.— ^fliling Tassels— Newcastle average, 288 tons ; North Shields, 275 tons ; 
South Shields, 429 tons ; Sunderland, 246 tons ; Hartlepool, 290 tons ; West Hart- 
lepool, 178 tons ; Hiddlesbro', 144 tons ; Stockton, 225 tons. Tyne ports ayerage, 
296 tons ; Wear, 245 tons ; Tees, 220 tons. Aggregate average, 256 tons. 

Pfinting Oowrt BuUdings, NmvcattU'Upon'Tjfne, 
nth Augutt, 1864. 



PUBLISHEB'S PBEPACE TO THE FIRST EDITION. 



In the year 1855, the late Mr. Thos. J. Taylor and 
Dr. Richardson commenced to collect information connected 
with the introduction, into this district, of the various manu- 
&cture8 for which it is now so celebrated; the numerous 
improvements which had their origin here; and the deve- 
lopment of the di^rent mining and manu&cturing industries 
within a recent period. 

The lamented death of the former gentleman suspended 
the execution of the work for a time; but the visit of the 
British Association was deemed a fitting occasion to com- 
plete the task, and the willing cooperation of various 
gentlemen has resulted in the publication of the several 
reports which constitute the present volume. 

This locality is peculiarly rich m these records, inas- 
much as it is the birthplace of the Locomotive and the 
Railway system, which has received such a development 
here that there are now three linear miles of railway for 
every square mile of surfiace; it has witnessed the introduc- 
tion of the Glass, Alum, and Soda trades, which were all first 
commenced in this district; it was here that Stephenson 
invented his Safety-lamp, and Pattinson the Desilverizing 
of Lead, whilst Buddie perfected the Furnace Ventilation of 
Mines; and, lastly, the country owes its most valuable arm 
of defence to the ingenuity of Sir W. G. Armstrong, of 
Elswick. 

The extraordinary advantages of this district are only 
now being recognised. There are six harbours, within 
54 miles of coast, for its Shipping; every variety of Fuel, 



(iv) 

Steam, Gas, Coking, and Houseliold Coal in the same 
basin; Magnesian and Mountain Limestones, with cheap 
imports of Chalk, fiimishing supplies of lime for its chemical 
and metallurgical operations; immense deposits of Fire 
Clay, providing for all the demands of its fiimaces; and 
inexhaustible beds of argillaceous and calcareous Iron Ores, 
with Hematites of the best description; form the durable 
basis of its extending trade and commerce. 

The recent discovery of the bed of Rock Salt at Mid- 
dlesbro' will, ere long, add Salt to its list of available mineral 
riches. 

The enterprise of its inhabitants is not, however, confined 
to the mere raising and export of some of its mineral treasures, 
as 20,000 tons of lead, 550,000 tons of iron, 170,000 tons of 
chemicals, and 300,000 tons of day wares, in addition to 
its glass and paper, are annually manu£gu:tured on the banks 
of its rivers. 

The district can also point to the celebrated engineering 
and shipbuilding factories of Stephenson, Hawthorn, Arm- 
strong, Palmer, BeU, and many others^ whose locomotives 
and engines, hydraulic machinery, guns, and ships, have 
acquired an European reputation. 

In conclusion, the following Tables of the annual vahie 
of the Mining and Manufactured Products, and of the 
Shipping with cargoes, outwards and inwards, will give 
some idea of the Industrial Resources of the District. 



MINING AND MANUFACTURED PRODUCTS. 



Coals 

Metalltirgical Products 
Chemical Manufactures 

Paper 

Leather 

Glass and Clay Wares 
Iron Shipbuilding ... 
Engines and Machinery 



£6,660,471 
8,707,941 
1,588,220 
800,000 
185,659 
1,066,650 
1,648,828 
1,928,600 
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SHIPPING. 



COASTlNa TRADE. 


Bim 
DiSTBier. 


»ort 


IMWABM. 


OUTWASn. 


Britl>h. 


Foralcii. 


Britlah. 


roralfii. 


Ttwb... 


( Newcastle-on-Tyne 

j North and Sonth Shields 


295,217 
68,700 

122,511 

25,067 
45,790 
28,459 


29,910 
22,781 

864 
509 


1,607,420 

98,941 

1,596,126 

797,130 

181,916 

25,393 


175 

201 
70 


Wbab.. 


Sunderland 


Teeb... 


.'Hsrtlcpool 

-^Middlesbro* 

Stockton 


Total Tonnage of the District ) 
of the Three Biven j 


580,744 


58,564 


4,801,926 


446 


FORBIGN TRADE. 


Tyh«... 


Newcastle-on-Tyne 
I North and Sonth Shields 


160,455 
25,629 

29,914 

111,878 
4,454 
7,791 


100,182 
28,299 

62,f69 

74,029 

6,449 

14,082 


840,278 
129,234 

495,306 

267,689 

104,146 

1,424 


668,857 
19,406 

257,551 

187,118 

56,408 

2,567 


WSAB.. 


Sunderland 


Tkes... 


Hartlepool 

^Middlesbro' 

(Stockton 


Total Tonnage of the District 
of the Three RiverB 


840,116 


275,850 


1,888,022 


1,186,402 


Total Tonnage of the Coasting 
and Foreign Trades 


ZmrAaDf. 
1,250,274 


OVTWAUM. 

7,826,796 



The Total Tonkaob Outwabdb of the United Einqdok fob 1862, was 

FOLLOWS :— 

Foreign Trade 18,444,889 

Coasting do 17,494,482 

; 80,988,821 
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Hence, nearly one quarter of the outward trade of the 
United Kingdom was carried on from these North-Eastem 
Ports. 

In the pages which follow, the reader will find detailed 
the entire Industrial Progress which has at length resulted 
in the above figures ; and to these the Publisher respectfidly 
refers. 

It may be proper to add, that it was originally proposed 
that this volume should have formed one of the series of 
the Transactions of the North of England Institute of 
Mining Engineers. By the advice, however, of the Presi- 
dent of that Institution, the eminent mining engineer, 
Nicholas Wood, Esq., the work has assumed its present 
shape. 

Printing Cawrt BuUding$, Newe(Utle-an»Tyne^ 
lOth Ibbruary, 1864. 
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THE INAUGURAL ADDRESS. 



8tB WiLLUli a. AB1I8TB0NG, CB., LL.D^ F.a&, kc 



Gbntlbhbn of THB BbITI8H AsSOCIATIOlfi 

I esteem it the greatest honour of my life, that I 
am called upon to assume the office of your President. In 
that capacity, and as representing your body, I may be 
allowed to advert to the gratifying reception which the 
British Association met with on their former visit to this 
r^on of mining and manufacturing industry, and, as a 
member of the community which you have again honoured 
with a visit, I undertake to convey to you the assurance of 
a renewed and hearty welcome. A quarter of a century 
has elapsed since the Association assembled in this town, 
and in no former period of equal duration has so great a 
progress been made in physical knowledge. In mechanical 
science, and especially in those branches of it which are 
concerned in the appUcation of steam power to effect inter- 
change between distant communities, the progress made 
since 1838 has no parallel in history. The Railway sys- 
tem was then in its infancy, and the great problem of 
Transatlantic steam navigation had only received its com- 
plete solution in the preceding year. Since that time 
railways have extended to every continent, and steamships 
have covered the ocean. These reflections claim our attention 
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on this occasion, because the locality in which we hold our 
present meeting is the birthplace of railways, and because 
the coal-mines of this district have contributed more largely 
than any others to supply the motive power by which steam 
communication by land and water has been established on 
so gigantic a scale. 

The history of railways shows what grand results may 
have their origin in small beginnings. When coal was first 
conveyed in this neighbourhood from the pit to the shipping 
place on the Tyne, the pack-horse, carrying a burden of 
3 cwts., was the only mode of transport employed. As soon 
as roads suitable for wheeled carriages were formed, carts 
were introduced, and this first step in mechanical appliance 
to facilitate transport had the effect of increasing the load 
which the horse was enabled to convey from 3 cwts. to 17 
cwts. The next improvement consisted in laying wooden 
bars or rails for the wheels of the carts to run upon, and 
this was followed by the substitution of the four-wheeled 
wagon for the two- wheeled cart. By this further applica- 
tion of mechanical principles, the original horse-load of 3 cwts. 
was augmented to 42 cwts. These were important results, 
and they were not obtained without the shipwreck of the 
fortunes of at least one adventurous man whose ideas were 
in advance of the times in which he lived. We read, in a 
record published in the year 1649, that "one Master 
Beaumont, a gentleman of great ingenuity and rare parts, 
adventured into the mines of Northumberland with his 
£30,000, and brought with him many rare engines not then 
known in that shire, and wagons with one horse to carry 
down coal from the pits to the river, but within a few 
years he consumed all his money, and rode home upon his 
light horse." The next step in the progress of railwitys 
was the attachment of slips of iron to the wooden rails. 
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Then came the iron tramway, consisting of cast-iron bars 
of an angular section : in this arrangement the upright 
flange of the bar acted as a guide to keep the wheel on 
the track. The next advance was an important one, and 
consisted in transferring the guiding flange from the rail to 
the wheel : this improvement enabled cast-iron edge rails 
to be used. Finally, in 1820, after the lapse of about 200 
years from the first employment of wooden bars, wrought 
iron rails, rolled in long lengths, and of suitable section, 
were made in this neighbourhood, and eventually super- 
seded all other forms of railway. Thus, the railway 
system, like all large inventions, has risen to its present 
importance by a series of steps ; and so gradual has been 
its progress, that Europe finds itself committed to a gauge 
fortuitously determined by the distance between the wheels 
of the carts, for which wooden rails were originally laid 
down. 

Last of all came the locomotive engine, that crowning 
achievement of mechanical science, which enables us to 
convey a load of 200 tons at a cost of fuel scarcely exceed- 
ing that of the com and hay which the original pack-horse 
consumed in conveying its load of 3 cwts. an equal distance. 

It was chiefly in this locality that the railway system 
was thus reared from earliest infancy to full maturity, and 
amongst the many names associated with its growth, that 
of George Stephenson stands preeminent. 

In thus glancing at the history of railways, we may 
observe how promptly the inventive faculty of man sup- 
plies the device which the circumstances of the moment 
require. No sooner is a road formed fit for wheeled 
carriages to pass along, than the cart takes the place of the 
pack-saddle— no sooner is the wooden railway provided 
than the wagon is substituted for the cart — and no sooner 
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is an iron railway formed, capable of carrjdng heavy loads, 
than the locomotive engine is found ready to commence 
its career. As in the vegetable kingdom fit conditions of 
soil and climate quickly cause the appearance of suitable 
plants, so in the intellectual world fitness of time and cir- 
cumstance promptly calls forth appropriate devices. The 
seeds of invention exist, as it were, in the air, ready to 
germinate whenever suitable conditions arise, and no legis- 
lative interference is needed to ensure their growth in 
proper season. 

The coal-fields of this district, so intimately connected 
with the railway system, both in its origin and maintenance, 
will doubtless receive much attention from the Association 
at their present meeting. 

To persons who contend that all geological phenomena 
may be attributed to causes identical in nature and degree 
with those now in operation, the formation of coal must 
present peculiar difficulty. The rankness of vegetation 
which must have existed in the carboniferous era, and the 
uniformity of climate which appears to have prevailed 
almost from the Poles to the Equator, would seem to imply 
a higher temperature of the earth's crust, and an atmos- 
phere more laden with humidity and carbonic acid than 
exist in our day. But whatever may have been the geolo- 
gical conditions affecting the origin of coal, we may r^ard 
the deposits of that mineral as vast magazines of power, 
stored up at periods immeasurably distant, for our use. 

The principle of conservation of force, and the relation- 
ship now established between heat and motion, enable us to 
trace back the effects which we now derive from coal to 
equivalent agencies exercised at the periods of its formation. 
The philosophical mind of George Stephenson, unaided by 
theoretical knowledge, rightly saw that coal was the 
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embodiment of power originally derived from the sun. 
That small pencil of solar radiation which is arrested by 
our planet, and which constitutes less than tlie 2000-millionth 
part of the total energy sent forth from the sun, must be 
r^arded as the power which enabled the plants of the 
carboniferous period to wrest the carbon they required from 
the oxygen with which it was combined, and ev^itually to 
deposit it as the solid material of coal. In our day, the 
reunion of that carbon with oxygen restores the energy 
expended in the former process, and thus we are enabled to 
utilize the power originally derived from the luminous centre 
of our planetary system. 

But the agency of the sun in originating coal does not 
stop at this point In every period of geological history 
the waters of the ocean have been lifted by the action of the 
sun and precipitated in rain upon the earth. This has given 
rise to all those sedimentary actions by which mineral sub- 
stances have been collected at particular localities, and there 
deposited in a stratified form with a protecting cover to 
preserve them for future use. The phase of the earth's 
existence suitable for the extensive formation of coal appears 
to have passed away for ever; but the quantity of 
that invaluable mineral which has been stored up 
throughout the globe for our benefit is sufficient (if used 
discreetly) to serve the purposes of the human race for many 
thousands of years. In fact, the entire quantity of coal 
may be considered as practically inexhaustible. Turning, 
however, to our own particular country, and contemplating 
the rate at which we are expending those seams of coal 
which yield the best quality of fuel, and can be worked at 
the least expense, we shall find much cause for anxiety. The 
greatness of England much depends upon the superiority 
of her coal in cheapness and quality over that of other 
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nations ; but we have already drawn from our choicest 
mines a far larger quantity of coal than has been raised in 
all other parts of the world put together, and the time is not 
remote when we shall have to encounter the disadvantages 
of increased cost of working and diminished value of produce. 

Estimates have been made at various periods of the 
time which would be required to produce complete exhaus- 
tion of all the accessible coal in the British Islands. These 
estimates are extremely discordant ; but the discrepancies 
arise, not from any important disagreement as to the available 
quantity of coal, but from the enormous difference in the 
rate of consumption at the various dates when the estimates 
were made, and also from the different views which have 
been entertained as to the probable increase of consumption 
in future years. The quantity of coal yearly worked from 
British mines has been almost trebled during the last twenty 
years, and has probably increased tenfold since the com- 
mencement of the present century ; but as this increase has 
taken place pending the introduction of steam navigation 
and railway transit, and under exceptional conditions of 
manufacturing development, it would be too much to 
assume that it will continue to advance with equal rapidity. 
The statistics collected by Mr. Ilunt, of the Mining Records 
Office, show that at the end of 1861 the quantity of coal 
raised in the United Kingdom had reached the enormous 
total of 86,000,000 tons, and that the average annual 
increase of the eight preceding years amounted to 
2,750,000 tons. Let us inquire, then, what will be the 
duration of our coal-fields if this more moderate rate of 
increase be maintained. 

By combining the known thickness of the various 
workable seams of coal, and computing the area of the 
surface imdcr which they lie, it is easy to arrive at an 
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estimate of the total quantity comprised in our coal-bearing 
strata. Assuming 4000 feet as the greatest depth at which 
it will ever be possible to carry on mining operations, and 
rejecting all seams of less than 2 feet in thickness, the entire 
quantity of available coal existing in these Islands has been 
calculated to amount to about 80,000 millions of tons, which, 
at the present rate of consumption, would be exhausted in 
930 years, but with a continued yearly increase of 2,750,000 
tons« would only last 212 years. It is clear that long before 
complete exhaustion takes place, England will have ceased 
to be a coal-producing country on an extensive scale. Other 
nations, and especially the United States of America, which 
possess coal-fields 37 times more extensive than ours, will 
then be working more accessible beds at a smaller cost, and 
will be able to displace the English coal from every market. 
The question is, not how long our cool will endure before 
absolute exhaustion is effected, but how long will those 
particular coal-seams last which yield coal of a quality and 
at a price to enable this country to maintain her present 
supremacy in manufacturing industry. So far as this parti- 
cular district is concerned, it is generally admitted that 200 
years will be sufficient to exhaust the principal seams even 
at the present rate of working. If the production should 
continue to increase as it is now doing, the duration of those 
seams will not reach half that period. How the case may 
stand in other coal-mining districts I have not the means 
of ascertaining ; but as tlie best and most accessible coal 
will always be worked in preference to any other, I fear 
the same rapid exhaustion of our most valuable seams is 
everywhere taking place. Were we reaping the full advan- 
tage of all the coal we burnt, no objection could be made to 
the largeness of the quantity, but we are using it wastefuUy 
and extravagantly in all its applications. It is probable that 
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fully one-fourth of the entire quantity of coal raised from 
our mines is used in the production of heat for motiYe power; 
but^ much as we are in the habit of admiring the powers of 
the steam-engine, our present knowledge of the mechanical 
energy of heat shows that we realize in that engine only a 
small part of the thermic effect of the fuel. That a pound 
of coal should, in our best engines, produce an effect equal 
to raising a weight of 1,000,000 pounds a foot high, is a 
result which bears the character of the marvellous, and 
seems to defy all further improvement. Yet the investigations 
of recent years have demonstrated the fact that the mechani- 
cal energy resident in a pound of coal, and Uberated by its 
combustion, is capable of raising to the same height 10 times 
that weight. But although the power of our most economical 
steam-engines has reached, or perhaps somewhat exceeded, 
the limit of 1,000,000 pounds raised a foot high per lb. of 
coal, yet if we take the average effect obtained from steam* 
engines of the various constructions now in use, we shall 
not be justified in assuming it at more than one-third of 
that amount. It follows, therefore, that the average quantity 
of coal which we expend in realizing a given effect by 
means of the steam-engine is about 80 times greater than 
would be requisite with an absolutely perfect- heat-engine. 

The causes which render the application of heat so 
uneconomic in the steam-engine have been brought to light 
by the discovery of the dynamical theory of heat ; and it 
now remains for mechanicians, guided by the light they 
have thus received, to devise improved practical methods of 
converting the heat of combustion into available power. 

Engines in which the motive power is excited by the 
communication of heat to fluids already existing in tlie 
aeriform condition, as in those of Stirling, Ericson, and 
Siemens, promise to afford results greatly superior to tliose 
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obtained from the steam-engine. They are all based upon 
the principle of employing fuel to generate sensible heat, to 
the exclusion of latent heat, which is only another name 
for heat which has taken the form of unprofitable motion 
amongst the particles of the fluid to which it is applied. 
They also embrace what is called the regenerative prin- 
ciple — a term which has, with reason, been objected to, as 
implying a restoration of expended heat. The so-called 
*^ regenerator" is a contrivance for arresting unutilized heat 
rejected by the engine, and causing it to operate in aid and 
consequent reduction of iuel. 

It is a common observation that before coal is exhausted 
some other motive agent will be discovered to take its place, 
and electricity is generally cited as the coming power. 
Electricity, like heat, may be converted into motion, and 
both theory and practice have demonstrated that its 
mechanical application does not involve so much waste of 
power as takes place in a steam-engine ; but whether we 
use heat or electricity as a motive power, we must equally 
depend upon chemical affinity as the source of supply. 
The act of uniting to form a chemical product liberates an 
energy which assumes the form of heat or electricity, from 
either of which states it is convertible into mechanical 
effect. In contemplating, therefore, the application of 
electricity as a motive power, we must bear in mind that 
we shall still require to effect chemical combinations, and in 
so doing to consume materials. But where are we to find 
materials so economical for this purpose as the coal we 
derive from the earth and the oxygen we obtain from the 
air? The latter costs absolutely nothing; and every pound 
of coal, which in the act of combustion enters into chemical 
combination, renders more than two And a half pounds of 
oxygen available for power. We cannot look to water as a 
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practicable source of oxygen, for there it exists in the 
combined state, requiring expenditure of chemical energy 
for its separation from hydrogen. It is in the atmosphere 
alone that it can be found in that free state in which we 
require it, and there does not appear to me to be the 
remotest chance, in an economic point of view, of being 
able to dispense with the oxygen of the air as a source 
either of thermodynamic or electrodynamic eflTect. But to 
use this oxygen we must consume some oxidizable substance, 
and coal is the cheapest we can procure. 

There is another source of motive power to which I am 
induced to refer, as exhibiting a further instance in which 
solar influence affords the means of obtaining mechanical 
effects from inanimate agents. I allude to the power of 
water descending from heights to which it has been lifted 
by the evaporative action of the sun. To illustrate the 
great advantage of collecting water for power in elevated 
situations, I may refer to the waterworks of Greenock, 
where the collecting-reservoirs are situated at an elevation 
of 512 feet above the river Clyde. The daily jrield of these 
reservoirs is said to be nearly 100,000 tons of water, which 
is derived from the rainfall on an area of 6000 acres. The 
power obtainable from this quantity and head of water is 
equal to that of a steam-engine of about 2000-horse power, 
and the whole effect might be realized on the margin of 
the river by bringing down the water in a pipe of sufficient 
capacity, and causing it to act as a column on suitable 
machinery at the foot of the descent But the hydraulic 
capabilities of the Greenock reservoirs sink into insigni- 
ficance when compared with those of other localities, where 
the naturally collected waters of large areas of surface 
descend, from great elevations, in rapid rivers or vertical 
falls. Alpine regions abound in falls which, with the aid 
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of artificial works to impound the surplus water and equalize 
the supply, would yield thousands of horse power; and 
there is at least one great river in the world which, in a 
single plunge, developes sufficient power to carry on all 
the manufacturing operations of mankind if concentrated 
in its neighbourhood. Industrial populations have scarcely 
yet extended to those regions which afford this profusion 
of motive power, but we may anticipate the time when these 
natural falls will be brought into useful operation. In that 
day the heat of the sun, by raising the water to heights 
from which to flow in these great rapids and caacades, will 
become the means of economizing the precious stores of 
motive power, which the solar energy differently directed 
has accumulated at a remote period of geological history, 
and which, when once expended, may probably never be 
replaced. 

I have hitherto spoken of coal only as a source of 
mechanical power, but it is also extensively used for the 
kindred purpose of relaxing those cohesive forces which 
resist our efforts to give new forms and conditions to solid 
substances. In these applications, which are generally of 
a metallurgical nature, the same wasteful expenditure of 
fuel is everywhere observable. In an ordinary furnace 
employed to fuse or soften any solid substance, it is the 
excess of the heat of combustion over that of the body 
heated which alone is rendered available for the purpose 
intended. The rest of the heat, which in many instances 
constitutes by far the greater proportion of the whole, is 
allowed to escape uselessly into the chimney. The com- 
bustion also in common furnaces is so imperfect, that 
clouds of powdered carbon, in the form of smoke, envelope 
our manufacturing towns, and gases, which ought to be 
completely oxygenized in the fire, pass into the air with 

two-thirds of their heating power undeveloped. 

d 



(xxvi) 

Some remedy for this state of things, we may hope, is 
at hand, in the gas regenerative furnaces recently intro- 
duced by Mr. Siemens. In these furnaces the rejected 
heat is arrested by a so-called ^^ regenerator,'^ as in Stirlii^s 
air-engine, and is communicated to the new fuel before it 
enters the furnace. The fuel, however, is not solid coal, 
but gas previously evolved from coaL A stream of this 
gas raised to a high temperature by the rejected heat of 
combustion is admitted into the furnace, and there meets a 
stream of atmospheric air also raised to a high temperature 
by the same agency. In the combination which then 
ensues, the heat evolved by the combustion is superadded 
to the heat previously acquired by the gases. Thus, in 
addition to the advantage of economy, a greater intensity^ 
of heat is attained than by the combustion of unheated 
fuel. In fact, as the heat evolved in the furnace, or so ^ 
niudh of it as is not communicated to the bodies exposed 
to its action, continually returns to augment the effect ot 
the new fuel, there appears to be no limit to the tempera- 
ture attainable, except the powers of resistance in the 
materials of which the furnace is composed. 

With regard to smoke, which is at once a waste and a 
nuisance, having myself taken part with Dr. Richardson 
and Mr. Longridge in a series of experiments made in this 
neighbourhood, in the years 1857-58, for the purpose ot 
testing the practicability of preventing smoke in the com* 
bustion of bituminous coal in steam-engine boilers, I can 
state with perfect confidence that, so far as the raising oi 
steam is concerned, the production of smoke is unnecessary 
and inexcusable. The experiments to which I refer proved 
beyond a doubt, that by an easy method of firing, combined 
with a due admission of air and a proper arrangement of 
fire-grate, not involving any complexity, the emission of 
smoke might be perfectly avoided, and that the prevention 
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ttf tbt 9iBoke increased tlie economic value of the fuel and 
ike evaporative power of the boiler. An a rule, there is 
more amoke evolved from the fires of steam engines than 
from any others, and it is in these fires that it may be 
most easily prevented. But in the furnaces used for most 
manufacturing operations the prevention of smoke is much 
more difficult, and will probably not be effected until a 
radical change is made in the system of applying fqel for 
ioch operations. 

Not less wasteful and extravagant is our mode of 
employing coal for domestic purposes. It is computed 
that the consumption of coal in dwelling-houses amounts 
in this country to a ton per head per annum of the entire 
population; so that upwards of twenty-nine millions of 
tons are annually expended in Great Britain alone for 
domestic use. If any one will consider that one pound of 
coal applied to a well-constructed steam-engine boiler, 
evaporates 10 lbs. or one gallon of water, and if he will 
compare this effect with the insignificant quantity of water 
which can be boiled off in steam by a pound of coal con* 
sumed in an ordinary kitchen fire, he will be able tp 
appreciate the enormous waste which takes place by th^ 
common method of burning coal for culinary purposes. 
The simplest arrangements to confine the heat and con- 
eentrate it upon the operation to be performed would 
suffice to obviate this reprehensible waste. So, also, in 
wanning houses we consume in our open fires about five 
times as much coal as will produce the same heating effect 
when burnt in a close and properly constructed stove. 
Without sacrificing the luxury of a visible fire, it would be 
easy, by attending to the principles of radiation and con- 
vection, to render available the greater part of the heat 
which is DOW so improvidently discharged into the 
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chimney. These are homely considerations — ^too much 
60y perhaps, for an assembly like this — but I trust that 
an abuse inyolving a useless expenditure exceeding in 
amount our income-tax, and capable of being rectified by 
attention to scientific principles, may not be deemed 
unworthy of the notice of some of those whom I have the 
honour of addressing. 

1 he introduction of the Davy-lamp was a great event 
in the history of coal-mining, not as effecting any great 
diminution of those disastrous accidents which still devas- 
tate every colliery district, but as a means of enabling 
mines to be worked which, from their greater explosive 
tendencies, would otherwise have been deemed inaccessible. 
Thus, while the Davy-lamp has been of great benefit both 
to the public and the proprietors of coal, it has been the 
means of leading the miners into more perilous workings^ 
and the frequency of accident by explosion has, in con- 
sequence, not been diminished to the extent which was 
originally expected. The Lavy-lamp is a beautiful appli* 
cation of a scientific principle to effect a practical purpose; 
and with fair treatment its efficiency is indisputable ; 
but where Davy -lamps are entrusted to hundreds of men, 
and amongst them to many careless and reckless persons^ 
it is impossible to guard entirely against gross negligence 
and its disastrous consequences. In coal-mines where 
the most perfect system of ventilation prevails and where 
proper regulations are, as far as pract cal, enforced in 
regard to the use of Davy-lamps, deplorable accidents 
do occasionally occur, and it is impossible at present to 
point out what additional precautions would secure 
immunity from such calamities. The only gleam of 
amelioration is in the fact that the loss of hfe, in relation 
to the quantity of coal worked, is on the decrease, from 
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which we may infer that it is also on the decrease taken 
as a per centage on the number of miners employed. 

The increase of the earth's temperature as we descend 
below the surface, is a subject which has been discussed at 
previous meetings of the British Association. It possesses 
great scienti&c interest as affecting the computed thickness 
of the crust which covers the molten mass, assumed to 
ccmstitute the interior portions of the. earth, and it is also 
of great practical importance as determining the depth at 
which it would be possible to pursue the working of coal 
and other minerals. The deepest coal mine in this district 
is the Monkwearmouth Colliery, which reaches a depth of 
1800 feet below the surface of the ground, and nearly as 
much below the level of the sea. The observed temperature 
of the strata at this depth agrees pretty closely with what 
has been ascertained in other localities, and shows that the 
increase takes place at the rate of l"* Fahr. to about 60 feet 
of depth. Assuming the temperature of subterranean 
fusion to be 3000"^, and that the increase of heat at greater 
depths continues uniform (which, however, is by no means 
certain), the thickness of the film which separates us from 
the fiery ocean beneath will be about thirty-four miles — a 
thickness which may be fairly represented by the skin of a 
peach taken in relation to the body of the fruit which it 
covers. The depth of 4000 feet, which has been assumed 
as the limit at which coal could be worked, would probably 
be attended by an increase of heat exceeding the powers of 
human endurance. In the Monkwearmouth Colliery, which 
is less than half that depth, the temperature of the air in 
the workings is about 84° Fahr., which is considered to be 
nearly as high as is consistent with the great bodily exertion 
necessary in the operation of mining. The computations 
therefore, of the duration of coal would probably require a 
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considerable reduction, in consequence of too great a depth 
being assumed as practicable. 

At the last meeting of the British Association in this 
town, the importance of establishing an office for minmg 
records was brought under the notice of the CiJouncil hj 
Mr. Sopwith, and measures were taken which resuHed in 
the formation of the present Mining Records Office. The 
British Association may congratulate itself upon having 
thus been instrumental in establishing an office in which 
plans of abandoned mines are preserved for the information 
of those who, at a future period, may be disposed to incur 
the expense of bringing those mines again into operation. 
But more than this is required. Many of the inferior seams 
of coal can be worked only in conjunction with those of 
superior quality, and they will be entirely lost if neglected 
until the choicer beds be exhausted. Although coal is 
private property, its duration is a national question, and 
Government interference would be justified to enforce such 
modes of working as the national interests demand. But 
to enable Government to exercise any supervision and 
control, a complete mining survey of all our coal-fields 
should be made, and full plans, sections, and reports lodged 
at the Mining Records Office for the information of the 
Legislature and of the public in general. 

Before dismissing the subject of coal, it may be proper 
to notice the recent discovery by Berthelot of a new form 
of carburetted hydrogen possessing twice the illuminating 
power of ordinary coal-gas. Berthelot succeeded in pro- 
curing this gas by passing hydrogen between the carbon 
electrodes of a powerful battery. Dr. Odling has since 
shown that the same gas may be produced by mixing car- 
bonic oxide with an equal volume of light carburetted 
hydrogen, and exposing the mixture in a porcelain tube to 
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ni intense heat Still more recently, Mr. Siemens has 
detected the same gas in the highly heated regenerators of 
his furnaces, and there is now every reason to beheve that 
the new gas will become practically available for illumina- 
ting purposes. Thus it is that discoveries which in the first 
instance, interest the philosopher only, almost invariably 
initiate a rapid series of steps leading to results of great 
practical importance to mankind. 

In the course of the preceding observations I have had 
occasion to speak of the sun as the great source of motive 
power on our earth, and I must not omit to refer to recent 
discoveries conneeted with that most glorious body. Of all 
the results which science has produced within the last few 
years, none has been more unexpected than that by which we 
are enaUed to test the materials of which the sun is made, 
and prove their identity, in part at least, with those of our 
planet The spectrum experiments of Bunsen and Eirchhofi 
have not only shown all this, but they have also corroborated 
previous conjectures as to the luminous envelope of the sun. 
I have still to advert to Mr. Nasmyth's remarkable discovery, 
that the bright surface of the sun is composed of an aggrega- 
ticm of apparently solid forms, shaped like willow-leaves, or 
some well known forms of Diatomace», and interlacing one 
toother in every direction. The forms are so regular in 
size and shape, as to have led to a suggestion from one of our 
profoundest philosoplvers of their being organisms, possibly 
even partaking of the nature of life, but at all events closely 
connected with the heating and vivifying influences of the 
sun. These mysterious objects, which, since Mr. Nasmyth 
discovered them, have been seen by other observers as well, 
are computed to be each not less than 1000 miles in length 
and about 100 miles in breadth. The enormous chasms in 
the sun's photosphere, to which we apply the diminutive 
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tenn *' spots," exhibit the extremities of these leaf-like bodies 
pointing inwards, and fringing the sides of the cavern far 
down into the abyss. Sometimes they form a sort of rope 
or bridge across the chasm, and appear to adhere to one 
another by lateral attraction. I can imagine nothing more 
deserving of the scrutiny of observers than these extra- 
ordinary forms. The sympathy also which appears to exist 
between forces operating in the sun, and magnetic forces 
belonging to the earthy merits a continuance of that close 
attention which it has already received from the British 
Association, and of labours such as General Sabine has with 
so much ability and effect devoted to the elucidation of the 
subject. I may here notice that most remarkable pheno- 
menon, which was seen by independent observers at two 
different places on the 1st September, 1859. A sudden 
outburst of light, far exceeding the brightness of the sun's 
surface, was seen to take place, and sweep like a drifting 
cloud over a portion of the solar face. This was attended 
with magnetic disturbances of unusual intensity, and with 
exhibitions of aurora of extraordinary . brilliancy. The 
identical instant at which the effusion of light was observed 
was recorded by an abrupt and strongly marked deflection 
in the self-registering instruments at Kew. The.phwio- 
menon as seen was probably only part of what actually took 
place, for the magnetic storm in the midst of which it 
occurred commenced before and coi^finued after the event. 
If conjecture be allowable in such a case, we may suppose 
that this remarkable event had some connection with the 
means by which the sun's heat is renovated. It is a reason- 
able supposition that the sun was at that time in the act of 
receivmg a more than usual accession of new energy ; and 
the theory which assigns the maintenance of its power to 
cosmical matter, plunging into it with that prodigious velocity 
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which gravitation would impress upon it as it approached 
to actual contact with the solar orb, would afford an 
explanation of this sudden exhibition of intensified light in 
harmony with the knowledge we have now attained, that 
arrested motion isrepresented by equivalent heat. Telescopic 
observations will probably add new facts to guide our 
judgment on this subject, and, taken in connection with 
observations on terrestrial magnetism, may enlarge and 
correct our views respecting the nature of heat, light, and 
electricity. Much as we have yet to learn respecting these 
agencies, we know sufficient to infer that they cannot be 
transmitted from the sun to the earth, except by communi- 
cation from particle, to particle of intervening matter. Not 
that I speak of particles in the sense of the atx)mist. What- 
ever our views may be of the nature of particles, we must 
conceive them as centres invested with surrounding forces. 
We have no evidence, either from our senses or otherwise, 
of these centres being occupied by solid cores of indivi- 
sible incompressible matter essentially distinct from force. 
Dr. Young has shown that even in so dense a body as water, 
these nuclei, if they exist at all, must be so small in relation 
to the intervening spaces, that a hundred men distributed 
at equal distances over the whole surface of England, would 
represent their relative magnitude and distance. What 
then must be these relative dimensions in highly rarefied 
matter ? But why encumber our conceptions of material 
forces by this unnecessary imagining of a central molecule? 
If we retain the forces and reject the molecule, we shall 
still have every property we can recognize in matter by the 
use of our senses or by the aid of our reason. Viewed in 
this light, matter is not merely a thing subject to force, but 
is itself composed and constituted of force. 

The dynamical theory of heat is probably the most 
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important discovery in the present century. We now know 
that each Fahrenheit degree of temperature in a pound of 
water is equivalent to a weight of 772 lbs. lifted 1 foot high, 
and that these amounts of heat and power are reciprocally 
convertible into one another. This theory of heat, with its 
numerical computation, is chiefly due to the labours of 
Mayer and Joule, though many other names, including those 
of Thomson and Rankine, are deservedly associated with its 
development. I speak of this discovery as one of the present 
age, because it has been established in our time ; but if we 
search back for earlier conceptions of the identity of heat 
and motion, we shall find (as we always do in such cases) 
that similar ideas have been held before, though in a clouded 
and undemonstrated form. In the writings of Lord Bacon 
we find it stated that heat is to be regarded as motion and 
nothing else. In dilating upon this subject, that extra- 
ordinary man shows that he had grasped the true theory of 
heat, to the utmost extent that was compatible with the 
state of knowledge existing in his time. Even Aristotle 
seems to have entertained the idea, that motion was to be 
considered as the foundation not only of heat, but of all 
manifestations of matter ; and, for aught we know, still 
earlier thinkers may have held similar views. 

The science of gunnery, to which I shall make but slight 
allusion on this occasion, is intimately connected with the 
dynamical theory of heat. When gunpowder is exploded 
in a cannon, the immediate effect bf the affinities by which 
the materials of the powder are caused to enter new com- 
binations, is to liberate a force which first appears as heat, 
and then takes the form of mechanical power communicated 
in part to the shot and in part to the products of explosion 
which are also propelled firom the gun. The mechanical 
force of the shot is reconverted into heat when the motion 
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is arrested by striking an object, and tbis beat is divided 
between tbe sbot and the object struck, in the proportion of 
the work done or damage inflicted upon each. These 
considerations recently led me, in conjunction with my friend 
Captain Noble, to determine experimentally, by the heat 
elicited in the shot, the loss of efiect due to its crushing 
when fired against iron plates. Joule's law, and the known 
velocity of the* shot, enabled us to compute the number of 
dynamical units of heat representing the whole mechanical 
power in the projectile, and by ascertaining the number of 
units developed in it by impact, we arrived at the power 
which took efiect upon the shot instead of the plate. These 
experiments showed an enormous absorption of power to 
be caused by the yielding nature of the materials of which 
projectiles are usually formed ; but further experiments are 
required to complete the inquiry. 

Whilst speaking of the subject of gunnery, I must pay 
a passing tribute of praise to that beautiful instrument, 
invented and perfected by Major Navez, of the Belgian 
Artillery, for determining, by means of electro-magnetism, 
the velocity of projectiles. This instrument has been of 
great value in recent investigations, and there are questions 
afiecting projectiles which we can only hope to solve by its 
assistance. Experiments are still required to clear up 
several apparently anomalous efiects in gunnery, and to 
determine the conditions most conducive to efficiency, both 
as regards attack and defence. It is gratifying to see our 
Government acting in accordance with the enlightened 
principles of the age, by carrying on scientific experiments 
to arrive at knowledge which, in the arts of war as well 
as in those of peace, is proverbially recognised as the true 
source of human power. 

Professor Tyndall's recent discoveries respecting the 
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absorption and radiation of heat by vapours and permanent 
gases constitute important additions to our knowledge. 
The extreme delicacy of his experiments, and the remark- 
able distinctness of their results, render them beautiful 
examples of physical research. They are of great value as 
affording further illustrations of the vibratory actions in 
matter which constitute heat ; but it is in connection with 
the science of meteorology that they chiefly command our 
attention. From these experiments we learn that the 
minute quantity of water suspended as invisible vapour in 
the atmosphere acts as a warm clothing to the earth. The 
efficacy of this vapour in arresting heat is, in comparison 
with that of air, perfectly astounding. Although the 
atmosphere contains, on an average, but one particle of 
aqueous vapour to 200 pf air, yet that single particle absorbs 
80 times as much heat as the collective 200 particles of 
air. Remove, says Professor Tyndall, for a single summer 
night, the aqueous vapour from the air which overspreads 
this country, and you would assuredly destroy every plant 
incapable of bearing extreme cold. The warmth of our 
fields and gardens would pour itself unrequited into space, 
and the sun would rise upon an island held fast in the grip 
of frost. Many meteorological phenomena receive a feasible 
explanation from these investigations, which are probably 
destined to throw further hght upon the functions of our 
atmosphere. 

Few sciences have more practical value than meteoro- 
logy, and there are few of which we as yet know so little. 
Nothing would contribute more to the saving of life and 
property, and to augmenting the general wealth of the 
world, than the ability to foresee, with certainty, impending 
changes of the weather. At present our means of doing 
so are exceedingly imperfect ; but, such as they are, they 
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have been employed with considerable effect by Admiral 
Fitzroy, in warning mariners of the probable approach of 
storms. We may hope that so good an object will be 
effected, with more imvarying success, when we attain a 
better knowledge of the causes by which wind and rain, 
heat and cold, are determined. The balloon explorations, 
conducted with so much intrepidity by Mr. Glaisher, under 
the auspices of the British Association, may, perhaps, in 
some d^ree, assist in enlightening us upon these important 
subjects. We have learnt fix)m Mr. Glaisher's observa- 
tions, that the decrease of temperature with elevation does 
not follow the law previously assumed of P in 300 feet, 
and that, in fact, it follows no definite law at all. Mr. 
Glaisher appears also to have ascertained the interesting 
fact, that rain is only precipitated when cloud exists in a 
double layer. Bain-drops, he has found, diminish in size 
with elevation, merging into wet mist, and ultimately into 
dry fog. Mr. Glaisher met with snow for a mile in thick- 
ness below rain, which is at variance with our preconceived 
ideas. He has also rendered good service by testing the 
eflSdency of various instruments at heights which cannot 
be visited without personal danger. 

The facility now given to the transmission of intelli- 
gence and the interchange of thought is one of the most 
remarkable features of the present age. Cheap and rapid 
postage to all parts of the world — paper and printing reduced 
to the lowest possible cost— electric telegraphs between 
nation and nation, town and town, and now even (thanks 
to the beautiful inventions of Professor Wheatstone) between 
house and house — ^all contribute to aid that commerce of 
ideas by which wealth and knowledge are augmented. But 
while so much facility is given to mental communication 
by new measures and new inventions, the fundamental art 
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of expressing thought by written symbols remains as imper- 
fect now as it has been for centuries past. It seems strange 
that, while we actually possess a system of shorthand by 
which words can be recorded as rapidly as they can be 
spoken, we should persist in writing a slow and laborious 
longhand. It is intelligible that grown-up persons who 
have acquired the present conventional art of writing should 
be reluctant to incur the labour of mastering a better sys- 
tem ; but there can be no reason why the rising generation 
should not be instructed in a method of writing more in 
accordance with the activity of mind which now prevails. 
Even without going so far as to adopt for ordinary use a 
complete system of stenography, which it is not easy to 
acquire, we might greatly abridge the time and labour of 
writing by the recognition of a few simple signs to express 
the syllables which are of most frequent occurrence in our 
language. Our words are in a great measure made up of 
such syllables as conij con^ Hon, ing^ ahUy ain, ent, est^ ancCj 
dc. These we are now obliged to write out over and over 
again, as if time and labour expended in what may be 
termed visual speech were of no importance. Neither has 
our written character the advantage of distinctness to 
recommend it : it is only necessary to write such a word 
as " minimum" or " ammunition" to become aware of the 
want of sufficient difference between the letters we employ. 
I refrain from enlarging on this subject, because I conceive 
that it belongs to social more than to physical science, 
although the boundary which separates the two is suffi- 
ciently indistinct to permit of my alluding to it, in the hope 
of procuring for it the attention which its importance 
deserves. 

Another subject of a social character which demands 
our consideration is the much-debated question of weights 
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and measures. Whatever difference of opinion there may 
be as to the comparative merits of decimal and duodecimal 
division, there can, at all events, be none as to the im- 
portance of assimilating the systems of measurement in 
different countries. Science suffers by the want of uni- 
formity, because valuable observations made in one country 
are in a great measure lost to another from the labour 
required to convert a series of quantities into new denomi- 
nations. International commerce is also impeded by the 
same cause, which is productive of constant inconvenience 
and frequent mistake. It is much to be regretted that two 
standards of measure so nearly alike as the English yard 
and the French metre should not be made absolutely 
identical. The metric system has already been adopted 
by other nations besides France, and is the only one which 
has any chance of becoming universal. We in England, 
therefore, have no alternative but to conform with France, if 
we desire general uniformity. The change might easily be 
introduced in scientific literature, and in that case it would 
probably extend itself by degrees amongst the commercial 
classes without much legislative pressure. Besides the 
advantage which would thus be gained in regard to unifor- 
mity, I am convinced that the adoption of the decimal divi- 
sion of the French scale would be attended with great 
convenience, both in science and commerce. I can speak from 
personal experience of the superiority of decimal measure- 
ment in all cases where accuracy is required in mechanical 
construction. In the Elswick Works, as well as in some other 
large establishments of the same description, the inch is 
adopted as the unit, and all fractional parts are expressed in 
decimals. No difficulty has been experienced in habituating 
the workmen to the use of this method, and it has greatly con- 
tributed to precision of workmanship. The inch, however, is 
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too small a unit, and it would be advantageous to substitute 
the metre if general concurrence could be obtained. As to 
our thermometric scale, it was originally foimdedin error ; it 
is also most inconvenient in division, and ought at once to 
be abandoned in favour of the Centigrade scale. The recog- 
nition of the metric system, and of the Centigrade scale, by 
the numerous men of science composing the British Associa- 
tion, would be a most important step towards effecting that 
universal adoption of the French standards in this country, 
which sooner or later will inevitably take place ; and the 
Association, in its collective capacity, might take the lead in 
this good work, by excluding in future all other standards 
from their published proceedings. 

The recent discovery of the source of the Nile, by 
Captains Speke and Grant, has solved a problem in geo- 
graphy which has been a subject of speculation from the 
earUest ages. It is an honour to England that this interesting 
discovery has been made by two of her sons, and the British 
Association, which is accustomed to value every addition to 
knowledge for its own sake, whether or not it be attended 
with any immediate utility, will at once appreciate the 
importance of the discovery, and the courage and devotion 
by which it has been accomplished. The Royal Geogra- 
phical Society, under the able presidency of Sir Roderick 
Murchison, was chiefly instrumental in procuring the 
organization of the expedition which has resulted in this 
great achievement, and the success of the Society's labours, 
in connection with this and other cases of African explora- 
tion, shows how much good may be effected by associations 
for the promotion of scientific objects. 

The science of organic life has of late years been making 
great and rapid strides ; and it is gratifying to observe, that 
researches, both in zoology and botany, are characterised. 
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in the present day, by great accuracy and elaboration. 
Investigations, patiently conducted upon true inductive 
principles, cannot fail eventually to elicit the hidden laws 
which govern the animated world. Neither is there any 
lack of bold speculation contemporaneously with this pains- 
taking spirit of inquiry. The remarkable work of Mr. 
Darwin, promulgating the doctrine of natural selection, has 
produced a profound sensation. The novelty of this inge- 
nious theory, the eminence of its author, and his masterly 
treatment of the subject, have, perhaps, combined to excite 
more enthusiasm in its favour than is consistent with that 
dispassionate spirit which it is so necessary to preserve in 
the pursuit of truth. Mr. Darwin's views have not passed 
unchallenged, and the argiunents, both for and against, 
have been urged with great vigour by the supporters and 
opponents of the theory. Where good reasons can be 
shown on both sides of a question, the truth is generally to 
be found between the two extremes. In the present instance 
we may, without difficulty, suppose it to have been part of 
the great scheme of Creation^ that natural selection should 
be permitted to determine variations amounting even to 
specific differences, where those differences were matters of 
degree ; but when natural selection is adduced as a cause 
adequate to explain the production of a new organ not pro- 
vided for in original Creation, the hypothesis must appear, 
to common apprehensions, to be pushed beyond the limits 
of reasonable conjecture. The Darwinian theory, when 
fuUy enunciated, founds the pedigree of living nature 
upon the most elementary form of vitalized matter. One 
step further would carry us back, without greater violence 
to probability, to inorganic rudiments ; and then we should 
be called upon to recognize in ourselves, and in the exqui- 
site elaborations of the animal and vegetable kingdoms, the 
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ultimate results of mere material forces left free to follow 
their own unguided tendencies. Surely our minds would 
in that case be more oppressed with a sense of the mimcu- 
lous, than they now are in attributing the wondrous things 
around us to the creative hand of a great presiding Intelli- 
gence. 

The evidences bearing upon the antiquity of man have 
been recently produced, in a collected and most logiealty- 
treated form, by Sir Charles Lyell. It seems no longer 
possible to doubt that the human race has existed on the 
earth, in a barbarian state, for a period far exceeding the 
limit of historical record ; but, notwithstanding this great 
antiquity, the proofs still remain unaltered, that man is the 
latest as well as the noblest work of God. 

I will not run the risk of wearying this assembly by 
extending my remarks to other branches of science. In 
conclusion, I will express a hope that when the time again 
comes round to receive the British Association in this town, 
its members will find the interval to have been as fruitful 
as the corresponding period on which we now look back. 
The tendency of progress is to quicken progress, because 
every acquisition in science is so much vantage ground for 
fresh attainment. We may expect, therefore, to increase 
our speed as we struggle forward; but however high we 
climb in the pursuit of knowledge we shall still see heights 
above us, and the more we extend our view, the more 
conscious we shall be of the immensity which Ues beyond. 
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In the preparation of the following papers, those to whom fhej hare 
been entmsted have ayailed themselves of the Plans and Sections of the 
Goal-field of Northumberland and Durham (fonr in number), which were 
prepared for the Coal Trade, under the supervision of Mr. William 
Oliver, colliery viewer, Stanhope, Weardale, and sent by the Goal Trade 
to the International Exhibition of 1862, and which are now exhibited 
on the walls of tiiis roouL 

They would also draw attention to two most valuable papers by the 
late eminent mining engineer, Mr. Thomas John Taylor, one of which 
he read before the Archseological Society, in this town, in 1852, and 
Ilia other before the Institute of Mechanical Engineers, at Birmingham, 
in 1859; to a paper read in this town, in 1858, by Mr. Nicholas Wood, 
to the Institute of Mechanical Engineers ; and also to the several papers 
read to the North of England Institute of Mining Engineers by Messrs. 
Wood, Boyd, Dunn, Oibsone, Hall, and others, which haye been pub- 
lished in tiieir Transactions, and contain detailed particulars of the Geology 
and Deposits of tiie Northern Goal-fields; and to tiie papers by Messrs. 
Wood, Bewick, and Marley on the Cleveland Ironstone District 

For the purpose of illustrating and explaining the subjects included 
in this Section, the following divisions have been adopted, viz.:— 

1. Geological Description of the Northern Goal-field, including the 

Dykes intersecting it^ and other prominent features. 

2. On the Economic and Industrial Uses of the various Beds of Goal 

in the North of England Goal-field, and their local distribution. 

8. The Early History of the Goal and Goke Trade, more particularly 
referring to this District. 

A 



4. A brief Statement af the Development of the Coal and Coke Trade 

up to the present time, including some important Statistics. 

5. An Account of New Discoveries and their Application, explaining 

the manner in which they affect the Coal and Coke Trade. 

6. On the Sinking of Pits and the Drainage of Mines. 

7. On the Mode of Working Mines. 

8. On the Ventilation and Lighting of Mines. 

9. On the Underground Conveyance of Coal. 

10. On the Effects produced by the Introduction of Railways, Locomo- 
tives, Screw Steamers, and Inland Competition on the Commer- 
cial Character and Condition of the Northern Coal Trade. 

11. On the Duration of the Coal-field. 

A reference to the Coal Trade Map^ and to the map and sections 
accompanying this paper, will show that the principal rivers of this 
district are geologically situated as follows : — 

TYNE. 
The south branch of this river rises in the eastern flank of Cross Fell, 
in the series of rocks of the Carboniferous formation, above the Great 
Whin Sili, which are denominated "Yoredale" rocks by Professor 
Phillips. It flows nortlieriy through the whole series of the Yoredale 
rocks, till these are thrown down to the north by the great Ninety- 
Fathom or Stublick Dyke. Then it takes an easterly course, running 
along the depression caused by this dyke, through the Yoredale 
series, receiving tlie North Tyne between Haydon Bridge and 
Hexham. Below the latter place it passes through the Millstone Grit 
series, till, on Teaching Stocksfield, it cuts through the lower parts of 
the Coal-measures, over whidi it flows for 20 miles, till it reaches the sea 
at Tynemouth, near the junction of the Coal-measures and the Permain 
rocks. The North Tyne rises in ihe Scar-limestone series of the 
Carboniferous formation, cuts tiirough the coal beds of the Plaslietts 
district— -crosses the Great Whin Sill below Wark, and than traverses 
a portion of the Yoredale rocks, till it joins the South I^ne. It has 
for the most part a south-easterly course. 

WBAB. 
Tbe Wear rises, amd is endosed, in a narrow valky, Inmnded by the 
valleys of the Tyne and Tees. It flows easterly o^er Abe Carbonife- 



Toxm roeks of the Yoredale series^ cutting tbefm deeply, and fonning a 
section from the Great Whin Sill to the Millstone Grit Beriee, whieh it 
trarc r ae g; and on entering the Coal-measnres it is deflected to the north 
by the elemted escarpment of the Magnesian-limestone. It runs through 
the denuded valley of tlie Coal-measures, nearly parallel with Utis 
escarpment, till it approaches the valley of the Ty^e, when it suddenly 
deflects to the east, and passes through a denudation of the Magnesian* 
limesione to the sea at Sunderland. 

TBGS. 

The Tees rises high up the south-eastern flank of Gross Fell, in the 
Yoredale series of the Carboniferous-limestone. It flows nearly due east 
through a deep valley, cut into the Cross Fell range. At the foot of this 
valley it formed, in more ancient times, a lake, the bed of which, forming a 
broadish river channel, exists to the present day, and is called the "Wheel." 
At the lower extremity of the " Wheel" the river precipitates itself in a 
fine water&ll (Cauldron Snout) over the Great Whin Sill, which attains 
nearly its maximum thickness in this locality. It then, joined by a small 
tributary, runs through a deepened valley, which, in all probability, it has 
cut for itself through the Whin Sill for several miles, when again, at the 
High Force, it is precipitated over the same bed, which has been thrown 
down by a fault. After extricating itself from its Whin Sill barrier, it 
flows, with a somewhat more easterly course, through a more open valley, 
and intersects the upper beds of the Yoredale rocks, the Millstone Grit 
series, and cuts through the Magnesian-limestone near Pierce Bridge, and 
has the remainder of its course, which has now become sluggish, through 
the sandstones of the New-red-sandstone formation. Near its mouth 
commences the Liassic series of rocks, containing among its members the 
valuable beds of ironstone of the Cleveland district. 

A very good general view of the Northern Coal-field, with its various 
seams of coal and the depths of the diflerent pits, will be obtained by an 
examination of the Coal Trade plans and sections, viz. : — 

1. ISection from North to South, from the river Coquet, at the 
northern extremity of the lower beds of the coal-field, to South Wingate, 
the southernmost colliery in the south of the county of Durham, where it 
seems to end by the passage upwards of the two workable seams into the 
unconformable Magnesian-limestone. (See section 4.) 

2. Section from Scut to West, from Tynemouth, at the mouth of the 
Tyne, to Heddon-on-the-Wall, on the north of the Tyne. 



3. Seetionfrom East to West, from Monkwearmouth^ 
of the Wear, to Hownes Gill. (See section 8.) 

In order to identify the various seams of each district, a synopsis of 
the nomenclatore is here given, corrected down to the present date, 
from the original paper read before the Natural History Society of New- 
casde-on-Tyne, in 1830, by the late eminent mining engineer, John 
Buddie, Esq. 
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No. 1-— GEOLOGICAL DESCBIPTION OF THE NOETHERN COAL-FIELD, 
ITS DTKE8, AND OTHER PROMINENT FEATURES. 

The outer boundaries of the great basin of the Coal-measures of 
Nortliumberland and Durham are well defined and explored (with the 
exception of a portion on the southern side) by the outcrop of the Tariotts 
beds around the northern and western sides — by the various sinkings and 
workings of the coal along the coast on the eastern side — and by the work- 
ings of the several collieries opened out on the southern and western sides 
of the coal-field. These are shown on the large Coal Trade Map exhibited^ 
and on the reduced map annexed to this paper. On these the great coal* 
field basin proper is coloured dark. It reposes upon and is conformable 
to the Millstone Grit series of rocks^ and it is coTered, on the south- 
eastern side^ by the Lower-new-red-sandstone and Magnesian-Ume- 
stone. The Coal Trade sections on a large scale, viz. : — A, B, and C, and 
the sections 8 and 4 on a small scale, accompanying this paper, are illus- 
trative of the regular coal-field. 

We desire to call attention to the general map, and to the three other 
sections, Nos. 1, 2, and 5, on a small scale, which show the connection of 
the great coal basin with the other underlying and subordinate coal beds 
which are situated in the great series of deposits of the Carboniferous or 
Mountain-limestone formation, and which are, we assume, also connected 
with the lower coal beds of the Lothians, and south and west of Scotland 
generally. 

The three Coal Trade sections, A, B, and C, and sections 3 and 4, 
exhibit generally, the various beds of coal occurring in the true Coal- 
measures. It is, of course, difficult to delineate all the different beds of 
coal accurately on a comparatively small scale, and especially the strata 
between each pit. All that has been attempted is to show the strata 
through which each pit has been sunk ; between these sinkings approximate 
sections only can be given or arrived at, but no doubt can exist as to the 
character of the intermediate strata. They are essentially of the regular 
Coal-measures, designated in the Northern Coal District as coal, post, or 
sandstone, and metal or shale, with all their admixtures and variations of 
mineral composition. 

Commencing at the northern outcrop, near the mouth of the Coquet, 
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and taking a circuit around the edges of the basin, the lowest coal beds 
crop out to the surface, resting on the Millstone Grit series, which are 
strictly conformable to the Coal-measures. From this point, and all along 
the western edge of the basin southwards, the coal beds, rising gently 
from east to west, consecutively crop out to the surface over the lands of 
Blagdon, Ponteland, the ancient commons of Throckley Fell, Hedley 
Fell, Lanchester Common, Wolsingham Common, Hamsterley, Even- 
wood, and Brusselton, crossing the Tyne near Horsley Wood, and the 
Wear to the west of Witton Castle. 

At Ferry Hill, Westerton, Black Boy, Eldon, and Brusselton, the 
escarpment of the Magnesian-limestone is reached, and here covers the 
Coal-measures, resting upon them unconformably, forming prominent faces 
of quarries, &o., and running in a diagonal line from thence to the sea 
coast at South Shields and Tynemouth. The Coal-measures to the 
east of that line of escarpment, and along the Durham coast, being 
covered by the Magnesian-limestone. The southern termination of the 
coal beds from Brusselton direct eastward has not yet been clearly defined. 
In those collieries where the workings have been pursued to their junc- 
tion with the Limestone, as at South Wingate, Cornforth, and Thrisling- 
ton, the coal beds are terminated by passing upwards at a considerable 
angle into the unconformable Limestone beds, but these explorations have 
not extended far along the supposed southern boundary of the coal-field, 
though they are decisive as to the termination of the coal beds where they 
have been made. 

Along the eastern boundary, the position of the coal beds from Wark- 
worth to the southern extremity, near South Wingate, are pretty clearly 
defined by the various sinkings and workings of the different collieries 
along the coast. At the extreme northern edge of the basin the coal beds 
dip to the east or towards the sea ; at Badcliffe and to Newbiggen they 
also dip eastwards ; south of Newbiggen to Hartley, the declination is 
south-east. Then again, from Hartley to Tynemouth, the rise is about 
east. Along the coast, from South Shields to Marsden, afiier rising 
to the east, the coal beds begin to dip eastwards, and in Harton royalty 
a southern and eastern declination takes place towards the point of 
greatest depression, or bottom of the basin, east of Monkwearmouth. 
From thence southwards to Castle Eden, a distance of thirteen miles, and 
near the southern extremity of the coal-field, tne declination continues 
eastward. 

The foregoing are the general outlines of the boundaries and the dip 
of the coal-field proper along the sea coast. 



Before describing the other subordiDate coal beds within the great 
carboniferous series of rocks, we shall point out some peculiarities inci- 
dental to the coal-field proper. 

Taking the sea coast as a datum line, and the high water level of the 
sea as a darum level, it will be seen by the sections exhibited that the 
lower beds of the Coal-measures approach the surface at a certain depth 
beneath the datum line at Wark worth, the northern extremity of the 
coal-field ; and that at South Wingate (the southern extremity) they ter- 
minate at about the same distance below the sea level. Between the two 
extremes, the line of coast passes through a very great depression of the 
strata, designated locally a " swelly," and constituting that feature gene- 
rally met with in coal-fields which is properly termed a basin. This 
greatest depression takes place near the town of Sunderland, where the 
coal beds are at a depth of 300 fathoms, or 1800 feet, below the level of the 
sea, and certainly 1000 to 1440 feet below the level at each extremity. 
The coal beds rise out of the swelly at Monkwearmouth from a depth of 
1800 feet below the sea, to the westward, until they reach the crop of 
the coal at Hownes Gill, as shown by the Coal Trade section C, where 
the same beds crop out at an elevation of 740 feet above the level of the 
sea, showing a rise in the beds or strata of 2540 feet From these &ct8 
it would appear, therefore, that a very large portion of the coal-field, none 
of which may be said to be explored, is covered by the sea. This depends, 
of course, upon the extent of denudation, and upon the covering of the 
iinconformable Magnesian-limestone, which, near the point of the greatest 
depth of the Coal-measures, is probably 300 feet in thickness. 

Taking the extreme depression of the strata at 1800 feet, the extent 
of coal-field being about 20 miles to the north and west, makes the angle 
at which the beds lie to be generally very moderate — about 1 in 40. 
There are some instances where the inclination is very considerable, but 
they are entirely attributable to the occurrence of slip dykes, and are 
consequently local disturbances. 

Two extensive and considerable slip dykes, or faults, cross the 
entire coal-field from east to west, viz., the great Ninety-fathom Dyke, 
crossing the coal-field and subjacent Millstone Grit and Mountain- 
limestone firom the sea, near CuUercoats, on the east, to Tynedale 
Fell on the west. This dyke is evidently one of depression, the beds 
being thrown down to the north and bent over, at a distance of from 
800 to 1000 yards from the dyke, the dip depending, apparently, on the 
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with beds lying above the lowest beds of the Scar-limestone series, there 
have been developed extensive coal beds in the North of Northumberland, 
at Scremerston, and in the south-west of the county at Plashetts. The 
former have been described by Mr. Boyd, and the latter by Mr. Wood, in 
Vol. XI. of the Transactions of the North of England Institute of 
Mining Engineers. These coal beds at present occupy a subordinate value | 
in a commercial sense, compared with the coal seams proper. The section ' 
at Scremerston, however, exhibits several beds of coal, having an aggre- 
gate thickness of 90 feet ; and they occur in that part of the Carboniferous 
series which is much older than the regular coal beds. Such a formation 
is certainly an occurrence well worthy the consideration of geologists. 
We would, therefoi e, refer to these two papers for further details on this 
subject. 

As regards these coal beds, also, a question arises, whether they are 
not contemporaneous with the lower coal beds of the great western coal- >; :^ 
fields of Scotland. In one of the papers above alluded to, Mr. Wood has ^^ 
given some sections, and has made some observations, illustrative of this ^^ 
view of the question, which are respectfully submitted to the considera- ^ 

tion of the society. Two of these sections, showing the assumed position 
of the various groups of beds, are given in the paper attached to this 
communication, Nos. 1, 2, and 5. It is an enquiry well worthy of fiirther 
investigation, as well as that of the coal-field of Canonbie, described by 
Mr. Gibsone, in Vol. XI. of the Transactions of the Minibg Institute, and < 
which want of space in this communication will not allow us to notice, 
further than to refer to the paper itself. 

We would briefly glance at the importance, in every point of view, 
especially geologically and commercially, of that series of deposits oom- 
prehended within the Carboniferous era, commencing with the Old-red- 
sandstone as a base, and ending with the Permian series. We pass 
through, in such era, strata containing all the coal, iron, and lead of 
Scotland and the North of England. These alone, which form only a 
portion of such series of deposits, are well worthy of the study and atten- 
tion of such a body as the British Association visiting the Northern 
Counties. And as the complete series lies within the area of the counties 
of Northumberland and Durham, in directing the attention of the meeting' 
to such an enquiry, we trust we are not overstepping the duty imposed 
upon us, when we undertook to lay before it some observations on the 
Coal, Coke, and Coal Mining in these Districts. 
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No. 2.— ON THB ECONOMIC USES OP THE VARIOUS BEDS OF COAL IN 
THE NORTH OF ENGLAND COAL-FIELD. 

The beds of coal of the Northumberland and Durham Coal-fields 
produce the following descriptions of coal, viz, : — 

1. Household Coal. 

2. Gas Coal. 

3. Manufacturing Coal. 

4. Steam Coal. 

5. Coking Coal. 

1. — Hbtuehold Coat would probably be the description of coal first 
in request, and those beds which cropped out to the surface, and were 
most easily worked, would be first used, whether they were best adapted 
for domestic purposes or not. Hence we find it recorded in the OHrliest 
period of the coal trade, that all the beds were indiscriminately worked 
and used as household coal ; their use depending, not upon their 
peculiar adaptation for that purpose, but upon the comparative facility 
with which such coal could be procured. As time progressed, and the 
means of working other beds were discovered, and when the various 
purposes for which coal was required also became numerous, then that 
description which was best adapted for the specific purpose for which it 
was required would be worked and used ; therefore, at the time when 
house firing was mostly required, a description of coal was used as house- 
hold coal, which, when burnt, left no residue, or produced few, it any 
ashes, particularly white ashes, and which gave out the greatest quantity 
of heat under those conditions, and burnt in a steady and uniform 
manner. 

2. — When gM lighting was introduced, a coal was required which 
produced in its combustion the greatest possible quantity of gas, the purity 
of the gas being also an important object, together with cheapness. 

3. — On the application of steam-driven machinery to our manufacto- 
ries^ a coal which produced the greatest amount of heat, without destroying 
che fire bars of the engine furnaces, and leaving as little residue as 
possible, or only a small quantity of white ashes, and therefore consti- 
tuting an open burning coal, was preferred for steam engines. This was 
called manufaetyring coal. 
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4, — When steam engines became more numerous^ and, particularly^ 
when the use of coal for steamboat engines became extended, a coal 
adapted for raising the largest quantity of steam, open burning, compact 
and hard, and not liable to break into small coal and form dust, and 
which, when used in long voyages and exposed to different temperatures 
of climate, did not fall into pieces, was required, then a class of coal called 
steam coal was in demand. 

5. — Lastly, when the use of locoraotiye engines on railways was in- 
troduced for the conveyance of passengers, there was a statutory enact- 
ment made that coke only should be employed as fuel. An extraor- 
dinary demand then arose for coking coal, or that description of coal 
which produced the largest quantity of coke free from sulphur, and 
leaving no clinker on the grate bars, but which was open burning, or 
produced a small quantity of white ashes, to keep the fire bars from being 
burnt. Recently, however, the locomotive engineers have succeeded, to a 
considerable extent, in preventing the formation of smoke, thus rendering 
the use of coke comparatively unnecessary. Still there is a considerable 
demand for coke for locomotive engines, as well as for making iron and 
steel, and in malting, brewing, <S;c. 

On referring to the synopsis of the several beds of coal produced by the 
Northern Coal-field, it will be seen that this coal-field produces all the 
various descriptions of coal required for the purposes enumerated above, 
and in some part or other it produces the best description of coal required 
for each specific purpose. For instance, taking the several purposes 
separately — 

1. Household Coal, —The best household coal was for a long period of 
years produced from the High Main coal of the Tyne (C in the synopsis), 
the immediate colliery from which it was produced being Wallsend 
on the Tyne, and hence the origin of the designation ^' Wallsend," to 
distinguish the '^ Best Household CoaV* This coal was also produced 
at the various collieries of Percy Main, Walker, Heaton» Willington, Ac, 
on the Tyne. It was not that coal of similar, or, indeed, as aflerwards 
turned out, of superior quality, was not produced on the Wear and 
Tees, but the coal of such quality on the Wear being mixed with 
and sold with other coals of an inferior quality, no coal of that river, or, 
indeed, in the whole coal-field, bore such an excellent character or sold 
at such high prices as the " WaUsends" of the Tyne. Time, however, 
arrived when the Hutton coal seam of the Wear was sold unmixed with 
other coal ; and, being found in the neighbourhood of Rainton, Lambton, 
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and Hetton of Yery superior quality, it was brought into the market as a 
WaUsend coal. The superior Wallsends of the Tyne being worked out, it 
took their place, and, up to the present time, has been sold as the best 
WaUUend coal. This coal is now produced from the Hutton seam (K) 
of the neighbouring collieries of Stewart, Lambton, Hetton, and Has« 
well. The only coal for a long period on the Tees approaching to 
the quality of the Wallsends of the Wear was I'ees WaUsend, or the 
Five-quarter and Main Coal of the Black Boy Colliery (D and F) ; 
but^ more recently, the Five-quarter seam (D) in the Hartlepool district 
has produced a coal approaching to the Wear Wallsends. Household 
coal, of second or inferior quality, is produced from the collieries of 
all the other localities, as shown in the synopsis. On the map these 
localities are unshaded, the localities for best coal being shown by lines 
crossed at rig^t angles. 

2. Gas Coal. — ^The best gas coal is produced from the Hutton seam 
(£), which also, as before stated, produces the best household coal ; not 
that the chemical analysis of the coal is different, but the coal is of a less 
compact nature, liable to disintegration, and, as such, is not fitted or 
saleable as a first-class household coal, and, consequently, it is of less 
value for that purpose, but equally valuable as a gas coal. This kind of 
coal is obtained from the Felling, Pelaw, Pelton, Peareth, <tc., Collieries, 
and from some of the lower seams on the Tyne. It is shown on the map 
by oblique lines at an angle of 45^. 

It is also produced by the same seam on the Wear, and from the 
Brockwell seam (S) on the Tees. 

3. Steam Coal. — The best coal for steam purposes is also from a tract 
of the Hutton seam, lying to the north of the Ninety-fathom Dyke in 
the Hartley district, and comprising almost all the coal north of that 
dyke, along the coast from Hartley, and to the crop of the coal in those 
districts, to Warkworth. It is a curious coincidence that the same bed 
of coal, the Hutton seam (K), is not only continuous throughout the 
whole extent of the coal-field, from Warkworth, in the north, to Haswell 
and South Hetton, in the south (nearly the southernmost extremity of 
the coal-field), but that it also yields the bf^st description of three 
difEsrent varieties of coal, suitable for purposes not at all similar to each 
other, vi2. : — ^the best household^ the best gas, and the best steam coal. 
llie locality of this coal is shown by perpendicular lines on the map 
attached to this report. 

4. Cohng and Manufacturing Coal. — The best coking coal is got from 
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the lower beds of the Tyne. Manufacturing coal (0 P Q), either 
separate or mixed with a gas coal (K); is associated with it^ and is 
obtained from the lowest seam in the Auckland district (S). This is 
what might be expected^ as the properties of a good manufacturing coal; 
or coal for engines and manufacturing purposes, being very much what 
coke is applied to. The lower seams at Marley Hill (K and R), Gares- 
field, Wylam, Towneley, &c., are the seams which have produced the best 
coal for manufacturing purposes on: the Tyne for years. They all produce 
a first-rate quality of coke. 

The lowest seams at Etherley, Brancepeth, Black Boy, &c., are the 
seams parallel to the Garesfield or Brockw'ell seam (S), they produce also 
a first-rate quality of coke. These two series of beds produce the best 
description, and the great bulk of coke for the locomotives, and for the 
iron furnaces at Cleveland, whilst the second rate coke is produced firom 
the Harvey or Beaumont seam (0), and from the washed small coal of 
the Hutton seam (K). The locality of the best description of coke is 
shown on the map by horizontal lines. 

The Newcastle coal-field is essentially a bituminous coal deposit. It 
does not contain any anthracite, nor, with the exception of a thin bed in a 
limited locality, does it contain any cannel coal. Its specific gravity being 
firom 1*2 to 1-5, and the quantity of carbon 72 to 75 per cent. 

It is almost unnecessary, in a paper of this description, to enumerate 
all the different purposes to which coal is applied, or the important and 
invaluable uses of that mineral. Not only fireside comfort, but the 
manufacturing and commercial industry of the entire civilised globe is 
indebted, more or less, to its powei*fiil effects, and the conveyance of almost 
the entire population of the world, whether travelling by sea, land, or 
water, testifies to its universal aid, whilst its chemical properties in dis- 
tillations produce the most beautiful dyes that have yet been discovered. 

It has been calculated that an acre of coal, 4 feet in thickness, produces 
as much carbon as 115 acres of full grown forest — and that a bushel of 
coal (84 lbs.) consumed carefully, is capable of raising 70,000,000 lbs. one 
foot high ; and that the combustion of 2 lbs. of coal gives out power suffi- 
cient to raise a man to the summit of Mont Blanc. The aggregate steam 
power calculated at 83,635,214-horse power of Great Britain and Ireland 
alone, is calculated as equal to 400 million men, or equal to twice the 
power of the adult population of the globe ; and by its aid the genius 
of the present generation is enabled to transport vessels of above 20,000 
tons burden across the Atlantic in nine or ten days; and trains of 
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300 or 400 persons at the rate of 60 miles an hour — a performance which 
the combined efforts of the adult population of the whole globe would be 
unable to accomplish. 

The various descriptions of coal, Nos. 1, 2, 3, 4, and 5, above referred 
to, are marked upon the Map of the Coal-field, thus 



::! i. 






y. 






'I !' 'I' 



'I i' '/"! 



EXPLANATION OP WOODCUT. 

1. Hovsehold Coal. — Indicated on the general map by lines crossed at 
right angles. 

2. Oas CoaL — By oblique lines. 

8. Steam Coal. — By perpendicular lines. 

4. Coking and Man'ufacturing Coal. — By horizontal lines. 
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No. 3.— THE EARLY HISTORY OF COAL AND COKE, AND PARTICULARLY 
IN THE NORTHERN DISTRICTS. 

The earliest record of coal in sacred history is contained in Leyiticns 
(xvi., 12), B.C., 1490, in which the priest is commanded to take a ^' a 
censer iiiU of burning coals of, fire " and sprinkle incense thereon. It is 
quite possible, however, that here the word " coal " may mean charcoal, 
although the existence of coal in Syria is now placed beyond a doubt, as 
seams of coal crop out and appear at the surface, at various elevations, on 
the mountains of Lebanon, and a mine has been wolrked near Beyrout, 
3,500 feet above the sea, where the seams are three feet thick.* 

Job also makes mention of coals, and coal is mentioned elsewhere in 
early sacred history. 

Early mention is made of coal (b.c. 371) under the name " LUhan- 
thraxy^ by a Greek author,t as being found at Elis, and used by smiths. 
However doubtful the above references may seem, there can, however, be 
little doubt that the Ancient Britons (prior to the invasion of the Romans) 
used coal, although not referred to by the Roman writers. The numerous 
forests existing in Britain, before the Roman invasion, would naturally 
prevent the seeking of a substitute for wood ; but, as the forests were 
cleared, coal, at the ^' outcrop '' of the seams, would naturally be worked, 
in order to mitigate the severity of the climate. It has been proved that 
coal was worked partially by the Romans, not only by the discovery of 
tools near the stations on the Roman Wall, but cinders have also been 
frequently met with. 

Again, Tennant refers to the circumstance of a flint axe being found 
at the outcrop of a seam of coal in Monmouthshire, and this would also 
tend to prove that coal had been worked by the Ancient Britons. 

In A.D. 862, there is a record of the Abbey of Peterboro' receiving 
twelve cart loads of fossil, or pit coal. 

For some long period after this, there is scarcely any record of the 
use of coal. 

In A.D. 1180, there occurs in Bishop Pudsey's book (Bishop of 
Durham), a grant of land to a collier, for providing coals for the cart- 
smith at Goundou, in the county of Durham ] similar grants being made 
at Bishopwearmouth and Sedgefield, in the same county. 

♦ See Dr, Bowring*8 report. f Theophraatus, B.O. 871. 
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Id A.D. 1339, Henry III. gpranted a charter to the freemen oi' New- 
castle-upon-Tyne to dig coals in the castle fields ; and, shortly after this, 
coal was sent to London. 

Marco Polo mentions the use of coal in China in the ISth century, 
and it is supposed to have been used there much earlier. 

In A.D. 1305, towards the end of Edward I.'s reign, considerable 
quantities of coals were used by brewers, smiths, <tc. 

This was followed by much complaint being made of the injurious 
effects of the smoke, and the burning of coal was prohibited, and, by 
commission from the King, fines levied to prevent it. Nothing, however, 
resulted firom this prohibition, as lOs. worth of coals were used at the 
King's coronation, a few years afk:erwards. 

In A.D. 1351, Edward III. granted a license to the freemen of New- 
castle to work coals without the town walls ; and about a.d. 1367, coals 
were also worked in the neighbourhood of Winlaton, near Newcastle-on- 
Tyne. 

Cockfield Fell Colliery is recorded as one of the early landsale col- 
lieries in the county of Durham. 

In A.D. 1379, the first government tax was laid on coal. 

In A.D. 1421, a duty of 2d. per chaldron was paid to the crown ^' on 
all coals sold to persons not franchised in the port of Newcastle." This 
duty having got into arrear, payment was demanded by Queen Elizabeth, 
and, in lieu of arrears, a duty of Is. per chaldron was imposed, which was 
enforced to the time of Charles II., when it was settled on his natural son, 
the Duke of Richmond. In 1799, it was sold to the government for an 
annuity of £19,000, and ultimately repealed in 1831, after being con- 
tinued upwards of 400 years. This tax ftfos peculiar to the Tyne^ 

Queen Elizabeth imposed a tax of 5s. per chaldron on coals sent over- 
sea, to which King James I. added 38. 4d. per chaldron, and an additional 
Is. 8d. per chaldron on coals exported in foreign ships. 

After the great fire of London the Lord Mayor was granted an impost 
of Is. per chaldron for rebuilding the city, which was further increased 
to 3s. An additional tax by parliament of 2s. per chaldron was imposed 
in 1670, for the purpose of rebuilding fifty-two parish churches, and, in 
1677, a further tax of 3s. was imposed, partly for rebuilding St. Paul's. 
The duties for rebuilding churches continued during Queen Anne's reign. 

The taxes on coal during the 18th century underwent many changes, 
and in the great war the government duty was as high as 96. 4d. per 
chaldron. 

Various other duties have been from time to time enforced, which have 
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since all been repealed except the City and Orphan's Duty (payable at 
present) amounting to Is. Id. per ton. 

In 1612^ Simon Stentevant obtained a patent for making iron with 
pit and sea coal, wood having been previously used ; at this time, with 
the use of coal, about three tons per week, per furnace, could be made. 

In A.D. 1619, Dud Dudley used pit coal, in Worcestershire, for the 
manufacture of iron, having taken a patent for 31 years. 

" Poor Dudley lost most of his property, and was imprisoned for debt ; 
and when Cromwell came into power, he had the mortification of seeing a 
patent granted to one Captain Buck, for making iron with pit coal. He 
states that Cromwell and many of his officers were partners in the scheme, 
which, however, failed." 

'' Dudley does not seem to have been successful in his undertaking, 
and with him died, for a time, the art of making iron with pit coal." 

In A.D. 1686, in Dr. Piatt's History of Staffordshire, speaking of coal 
and its uses, he says, " for smelting, fining, and refining of iron it cannot 
be brought to do." 

" It was not until 1718 that we hear of any further attempts in this 
way, when Mr. Darby, of Colebrook Dale, is referred to as smelting iron 
with pit coal. The process, however, must have been ill understood, and 
little known ; for, in 1747, it is stated in the Philosophical Transactions, 
as a sort of curiosity, that Mr. Ford, from iron ore and coal, both got in 
the same place, makes iron brittle or tough, as he pleases -, there being 
cannon thus cast so soft as to bear turning like wrought iron." 

" While the change in fuel was being brought about, the manufacture 
declined so rapidly that, in 1740, the number of furnaces in England was 
69, being only three-fourths of their previous number, and the annual 
produce was only 17,350 tons. As the use of coke became understood, 
the manufacture revived, so that, in 1 788, the number of tons of pig iron 
produced was 61,300, as already stated; in 1796, the quantity was 
increased to 108,793 tons; in 1806, to 250,000 tons; in 1820, to 
880,000 tons ; in 1827, to 654,500 tons ; in 1845, to 1,250,000 tons ; 
and in 1851, to 2,500,000 tons. In this year, the exports of pig iron 
were upwards of 1,200,000 tons, besides tin plates, hardware, cutlery, 
and machinery, bearing a total value of £10,424,139." 

^' The locality of the manufacture has also been affected by the change 
of fiiel. In 1740, Gloucester was the largest iron producing county in 
Oreat Britain. Sussex had the greatest number of furnaces ; there were 
a few in Kent, and a few in the Midland Counties, and along the Welsh 
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borders. After the introduction of coke^ the coal counties assumed a &r 
gpreater importance in connection with iron than the woodland districts 
had done." 

" CoM^ was used about a.d. 1640, chiefly for drying malt (in Derby- 
shire). 

Very little was done towards the application of coal to the manu&c- 
ure of iron until 1713, when it was commenced at Colebrook Dale. 

Swedenborg, an able mineralogist, says, in a.d. 1734, ''the use of 
coke not brought to perfection." 

A.D. 1763 appears to be the earliest period in which coke ovens are 
mentioned, and M. Jars, in a work published in 1774, gives a drawing* 
of ''nine kilns at Newcastle, for destroying the sulphur and reducing coal 
to cinders and cooks" 

In A.D. 1788, 61,800 tons of pig iron were made, of which 48,200 
were melted with coke, and 13,100 with charcoal. 

Also, in A.D. 1788, Dr. Ure speaks of several attempts to reduce iron 
ore with ^^eoaJucC^ coal; and, about a.d. 1800, coke ovens were to be 
found on the outcrops of the Brockwell coal seams, at Cockfield, Wood- 
lands, Old Woodifield, near Harperley, and other landsale pits in the 
southern part of the county of Durham — and the coke was used for 
breweries and foundries. 

About A.D. 1827, Birtley and Leming^n Iron Works used coke, 
which was made from Pontop Hutton seam. 

A.D. 1843 to 1846.^-The coke trade in the northern counties may 
be considered as established previously to this date only at Garesfield, 
Wylam, and it was made from the Busty, Harvey, and Brockwell coal 
seams. 

The above remarks must be taken only as a general summary of the 
history of coal and coke. 

* A copy of this drawing is given in Mr. A. L. Steayenaon'a Paoer on the 
Hanafactore of Coke, in toL viii. of the TransactionB of the North of England 
Institnte of Mining Engineers, in which paper, and in subsequent discudsions in 
▼ols. Yiii. and zi. ahnost every detail on the manufacture of coke, by Mr. A. L. 
Steavenson, and others, will be found ; and also a description of a patent oven by 
Mr. Ramsay. 
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No. 4.— BRIEF STATEMENT OF THE DEVELOPMENT OF THE COAL AND 
COKE TRADE UP TO THE PRESENT TIME, COMPRISING THE MORE 
IMPORTANT STATISTICS. 

The recorded statistics, referring to this subject, prior to 1828, will 
necessarily be very concise and imperfect. 

Tons. 

In 1602, the vend from Newcastle was 190,600 

Coaitwite. Fordfa. 

1609, Newcasde vend • . 214,305 . . 24,956 . . 239,261 

Sunderland „ • . 9,265 . . 2,383 . * 11,648 

Blyth „ .. 855 .. — .. 855 

1621 to 1622, Newcastle.. 301,785 .. 43,755 •. 345,540 

1622, the port of Stockton began to vend coals at the rate of 10 

chaldrons per annum. 

CoMhriM. FoieigiL Tons. 

1630, Newcastle . . . . 253,380 . . 36,542 . . 289,922 
1660, Newcastle and Sunderland . . . . . . 537,000 

1700, Do. Do 653,000 

1710, Newcastle 475,000 

Sunderland 175,000 

650,000 

1750, Newcastle and Sunderland .... . . 1,193,457 

In 1861 Northumberland and Durham produced as follows :— 

Ton Tended. Burnt or waated. Torn raised. Total eolUaiieB. 

21,277,570 + 500,000 = 21,777,570 271 

The number of collieries being 13 less than 1860, but about one million 
more tons of coals raised in that year. The total number of collieries 
were: — 

Tone. 

England 2,074 .. 63,870,123 

Wales 481 .. 8,561,021 

Scotland 424 .. 11,081,000 

Ireland 73 .. 123,070 

3,052 83,635,214 

And out of the £34,000,000 value exported from Great Britain, coals 
formed £20^908,803. 
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We annex statistics of vends of poals, coastwise and foreign, iirom 
1791 to 1862:— 

CoMtwiM rend. Fonin -rand. '^^'^Jl rni. 

Ton*. Tons. Tobt. 

1791 .. 1,814,661 .. 264,944 .. 2,079,605 

1795 .. 2,251,547 .. 418,885 .. 2,670,432 

1800 .. 2,381,986 .. 138,089 .. 2,520,075 

1806 .. 2,426,616 .. 147,146 .. 2,573,762 

1810 .. 2,783.404 .. 50,922 .. 2,834,326 

1815 .. 2,717,509 .. 159,174 .. 2,876,683 

1820 .. 3,246,835 ., 158,340 .. 3,403,225 

1825 .. 3,309,386 .. 178,544 .. 3,487,930 

1830 .. 3 289,241 ,, 341,062 .. 3,630,363 

1836 .. 3,290,241 .. 494,485 .. 3,784,996 

1840 .. 4,391,088 .. 1,196,299 .. 5,587,384 

1845 .. 6,477,273 .. 1,731,113 .. 7,208,386 

1850 .. 6,295,670 .. 2,176,116 .. 8,471,686 

1861 .. 6,405,396 .. 3,959,252 .. 10,364,647 

1862 ,. 6,090,609 .. 4,044,181 .. 10,134,790 
Brought down from 1861. xoai. 

Coastwise and foreign, from north by sea 10,364,647 

Bj rail — house coal 65,014 

Gas coking, &c. . . 16,006 30,000 

Coke 33,960 67,930 



Consisting of— House coal . . . . 4,493,450 

Gas coal 1,717,000 

Steam small, and manufac- 
turing coal .. .. 4,317,120 



162,934 
10,627,681 



10,620,570 
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In 1810,* the county of Durham vend, and number of men employed, 
was pretty accurately ascertained, and resulted as follows, viz: — river 
and sea vend annually of 1,866,200 tons, and employing 7,011 men, from 
33 collieries, by river and sea-sale, viz — 

15 to the river Tyne. 

2 jointly to rivers Tyne and Wear. 

16 to the river Wear. 
to the river Tees. 



Watersale 


33. 






Landsale . 


. 25, viz., 12 in Tyne and Wear district 


Ton«. 

59.360 


■ni. 

.. 74 




23 in Tees district . . 

35 Total landsale tons . . 


146,552 


.. 308 




205,912 


.. 882 




33 River and sea-sale 


1,866,200 


..7,011 



Total . . 68 collieries in county of Durham 2,072, 112.. 7,393 

In 1854, by Hunt's Records, Northumberland and Durham, 

Vend 16,420,616 tons. 
Do., Collieries— Tyne and Blyth . . 94 

Wear and Seaham • . 30 
E. AW. Hartlepool & Tees 60 



99 



184 
Landsale in all districts 41 

Total • . . • 225 collieries. 

Number of male persons estimated as being* employed in coal mining', 
in 1854, by Hunt, is — 

Durham 28,265 

Northumberland .. .. 10,636 



Total .. .. 38,801 

• In 1810 the g30graphical boundaries of the coal-field of the county of Durham 
were described thus — 

On the east, by pits of Jarrow, Pensher. Rainton, Crow Trees, and Ferry Hill. 

On the west, by Wylam, (yonsett, Thornley, West Pits, and Woodlands. 

On the north, by the river Tyne. 

On the south, by Ferry Hill, Brusselton, and Woodhouses. 
Which were taken as equal to 160,000 acres, the whole area of the county of Durham 
being put at 582,400 acres, and appropriated in area as — watersale collieries one- 
third, and landsale as two-thirds, which watersale coal tract was then estimated to 
contain 40,000 acres. 

Its present increased boundaries have been described fully in No. 1 of this series. 
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In order to show the necessity of the fiirther advance of science, it 
need only be stated that, by the Insjiec tors' Reports for 1851 to 1860, 
both inclusive, the average number of lives lost for the 10 years is 909 
per annum. In Great Britain we have approximately, 3000 collieries, in 
which 250,000 persons are engfaged, of whom nearly 50,000 are employed 
directly in Durham and Northumberland. 

The number of people employed in the Northern Goal-trade may be 
approximately estimated as follows : — 



Men and boys employed nndergronnd ... 
Do. abore groand ... 

Do. in shipping coal 



IMS. lees. 

... 29,600 86,000 

... 7,900 9,700 

... 1,300 1,600 



38,800 47,300 



Seamen and boys employed in the coasting trade, not 



indading those in oversea trade 



... 22,500 25,000 



Total 



61,300 72,000 



For the purpose of illustrating the rapid development of the coal and 
coke trade, more especially in the southern parts of the county of Durham, 
since 1828, we next give tabular statements of the vends of the Stockton 
and Darlington and West Hartlepool and Clarence Railways. 



STOCKTON AND DABLIKGTON RAILWAY. 





Coal and 

Coke 
Exported. 


CoiiU Mid Coke 

L«>d«ale. 
Ho««>holdand 
Iron Woiks. 


Lime and 


Ixonston*. 


TOTAL. 


1. 1845.— The year before the 

Park Iron Works.. 

2.1846.— The date of ditto 
opening 

8. 1851. — The year of the open- 
of Eston Mines ... 

4. 1856.— Or last year 


Tons. 

667,086 

444,527 

441,352 
219,591 


Tons. 

359,993 

428,614 

1,017,644 
1,667,624 


Tom. 
9,714 

38,189 

120,604 
299,788 


Tons. 

14» 

31,831 

379,607 
875,199 


Tona. 

936,757 

943,111 

1,869,207 
2,962,202 



♦ Sent from Middlesbrough to Witton Park Iron Works. 
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PR0G-RE8S OF TRAFFIC ON STOC^TOK AND DARLINGTON RAILWAY 
AND BRANCHES, FROM 1828 TO 1862, ZNCLUSIVB. 



Year. 


Ctfali and Coke 

Exported. 

Tons. 


CoAls and CUid«n 
Tom 


Total 

Tons. 




6tt»byLliM» 

and stones. 

Tom. 




1828 


.. 65,046 . 


.. 64,739 .. 

I^dBAleuid 
Miuiufaciorlei. 


. 129,785 . 


— 


... 9,834 




1838 


... 420,802 . 


.. 233,986 .. 


. 664,787 . 


— 


... 27,911 




1845 


... ~— . 


— .. 


. 927,029 . 


• • ~~~ 


Xta^toAeiM 
Ironstone, te. 




1846 


— 


— 


. 873,114 . 


— 


... 38,139 




1848 


... 371,113 . 


.. 663,088 .. 


.1,044,201 . 


— 


... 288,480 




1861 


— 


— 


.1,458,996 . 


.. 279,607 


... 120,604 




1856 


— 


— 


.1,777,285 . 


.. 675,499 

Ironstone. 


... 299,788 

Umeatoite. 


TotaL 


1868 


... 263,996 . 


.1,442,626 .. 


. 1,690,621* . 


.. 977,575 


... 363,082 ... 


1,840,667 


1862 


... 276,344 . 


.2,219,899 .. 


.2,496,243 . 


.. 976,810 


... 427,091 ... 


1,402,901 



The total number of tons of coal and coke sent by the West 
Hartlepool and Clarence Railways: — 



1838. — No means of ascertaining. 



1848.- 



1868.— 



1862.— 



jLandsale 
Export 


124,167 

411,180 


rLandsale 
\ Export 


484,437 

741,327 


/Landsale 
Export 


691,610 

960,163 



T<Ma. 



536,297 



1,175,764 



1,661,773 



And for the purpose of illustrating the progress of the district :generally^ 
we next attach the tabular statement of coal and coki9 traffic on the 
North-Eastem Railway. 



* Coals, 1,104,461 ; Coke, 692,170 = 1,696,621 tons. 
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In 1858, Mr. A. L. Steavenson, in the papers above refeiTed to, 
estimated the coke made in the northern counties at two million tons, 
but this was considered to be a rather high estimate, on account of the 
quantity calculated for iron making, per ton of pig iron (175 instead of 
160). For Great Britain the same authority estimated the make of coke 
at six million tons. Mr. T. Y. Hall, in Vol II. of the North of 
England Institute of Mining Engineers' Transactions, estimated the 
area of coking coal at IGO square miles. It has been estimated that for 
each ton of coke made, about half a ton of water is used in cooling it. 

The average analysis of coking coal is as follows : — 



Carbon 


84-92 


Hydrogen 


4 53 


Nitrogen 


0-96 


Sulphur 


0-65 


Oxygen 


6-66 


Ashes 


228 



100 

The effect of coking being to drive all off except carbon, f31 J per cent 
has been given as a good average by heap burning. By close ovens, 
from 50 to 60 per cent., or 5 to 8, can be obtained. 

The present make of coke in Northumberland and Durham, as ascer- 
tained from the principal manufacturers, is estimated to be 2,510,545 
tons per annum, the capabilities slightly more, say 2| million tons as a 
maximum ; and thus, for the present maJie of coke alone, there is required 
an annual consumption of 1000 acres of a 4-feet seam of coal. 

The following analysis of coals and coke may be interesting : — 





No.l. 


No. a. 


No. S. 


No. A. 


Huttoii 8««m, 
b««t HoxtMhotd 

Coal 
oftheDlttEkt 


Low K •In S«ui. 

bent 

Si«mm Coftl of 

the DiitxicL 


Anthn«ii«. 

belt Steam Coal 

in Walei 

(Smokeleu). 


Cok« 

from Daxtuun 

CoaL 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Salphnr 

Ash 


84 284 
6-622 
2076 
6223 

1181 
0716 


78-690 
6000 
2-370 

10068 
1609 
1-363 


92-34 
3-00 
068 
2-67 

1-51 


93«160 
721 
1-276 
906 

3 948 
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No. 5.— ACCOUNT OF NEW DISCOVERIES AND THEIR APPLICATION 
CONNECTED WITH THE COAL AND COKE TRADE. 

Wooden railways were introduced between 1032 and 1649, and were 
in general use between 1670 and I860.* 

In 1671, we have records of Sir Thomas LiddelFs first staith bills, 
showing that coal was then led in wagons to the river Team, near to 
the river Tyne. 

1714, only three atmospheric engines were employed. 

Prior to 1741 coals were sold in the same state as they were produced 
from the pit. At this time, however, the system of screening was 
introduced by William Brown ; and, although this produced a superior 
article, it may be questioned whether or not it was an advantage to the 
coal trade at that period, for it was the means of causing immense 
quantities of small coals to be burnt to waste, as being unsaleable. 

In 1760, the steel mill was invented. 

In 1777, Curr, of Sheffield, introduced underground rails in lieu of 
sledges. 

In 1794, cast iron rails were partially used on the Walbottle Railway. 

In 1798, the invention of lighting by gas was introduced by Murdoch, 
at the Soho Works of Bolton and Watt. 

In 1812, the steamboat was introduced on the river Clyde, by Dr. 
Bell, and now screw colliers are taking coals regularly from the river 
Tyne to London, and using about 4,000 tons of coal each per annum. 
They carry from 700 to 900 tons each, and generally complete the 
voyage in one week. 

In 1815, malleable iron rails began to be used instead of cast iron. 

Coke making was first begun by open heaps and then by close ovens. 
Coke ovens are now generally iiued, and have tall chimneys to carry off 
the smoke. Coke ovens are also patented of all shapes, but the round 
oven is almost universally adopted. Mr. B. Thompson, in a paper on his 
inventions, claims priority in changing the shape of coke ovens from round 
to oblong, and for improvements in mode of erection. The use of hose 
instead of pails, in the application of water for cooling, was a subsequent 
invention. 

* See an excellent treatise on Railways, by Nicholas Wood, Esq., first published 
in 1825. 
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For the principal inventions and patents in connection with coke 
ovens, we refer the members to the papers by Mr. A. L. Steavenson and 
others, in the Transactions of the North of England Institute of Mining 
Engineers, Vols. VIII. and IX. 

To the late Mr. Blackett, of Wylam, is due the credit of showing 
that the locomotive engine was practicable on railways, about 1813. 

In 1814, the first improved locomotive, by George Stephenson, was 
introduced. 

Horses generally were used as the means of traction underground 
until about 1820, when steam power gradually began to be substituted. 

Locomotive engines are now used to such an extent that mineral 
trains, from the South Durham coal-field, are conveyed to London, 
taking only about 17 hours. The engine powers are of irom 4d0 to 600 
horse-pow^r each, and take loads of 350 tons as far as York. 

The question of underground locomotives being introduced is now 
becoming oi great importance ; for example, we have the underground 
railwaj m London, and an experimental one at a colliery close to New- 
castle, by Mr. T. M. Jobling, one of the members of the Institute of 
Mining Engineers at Newcastle. 

In the year 1815, the Davy-lamp was introduced. 

In 1835, the first public railway (viz., the Stockton and Darlington) 
was opened for conveyance of coals, minerals, and passengers, and the 
motive power first used was horses and subsequently locomotive engines. 
The first, or No. 1 engine, which ran on this railway, is still to be seen 
in front of the station at Darlington. 

Boring by steam, with and without iron rods, forms an important 
element amongst recent inventions. With this may be mentioned that of 
boring with ropes, which has been done to the extent of 18 inches diameter 
and upwards of 300 fathoms deep, an example of which may be seen at 
Messrs. Bolckow and Vaughan's, Middlesbro* Iron Works, by those 
gentlemen of the Association who make the visit to the Cleveland district. 
The engine and apparatus of this boring having been made by Messrs. 
Mather and Piatt, of Oldham, near Manchester. The section of this 
boring will be exhibited to the Association on this occasion. 

A very interesting paper was read on machinery for boring stratified 
and other rocks, by Mr. George Simpson, before the Institute of Engineers 
in Scotland, in 1861. In this case iron rods were used. 

For information on the mechanical means of ventilation by fens, 
exhaust and force pumi)s, we refer to the late Mr. Thos. J. Taylor's 
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paper, read before the Mechanical Engineers, in 1859. For pumping 
by machinery, and various kinds of pumps, we will refer you particularly 
to the same paper. 

Safety Cages, — In this class we may mention that Fourdrinier's was 
introduced about 1845 ; then followed White's, Grant's, Owen's, Aytoun's, 
Calow's, and a great many others. This question is, to a certain extent, 
unsettled. 

On the subject of tubs in shafts, we beg to refer to Mr. T. Y. Hall's 
paper, read before the Institute of Mining Engineers. See Vol. II. 

Coal cutting by machinery or compressed air, now forms an interesting 
subject ; and papers hereon, in reference to one at work near Leeds, 
will be found in Vol. XII. of the Transactions of the Mining Engineers 
Institute. 

The most prominent feature in the changes of the coal trade, more 
particularly on the river Tees, was the discovery, in 1848, of the Cleve- 
land ironstone, as its bearing on the coal trade of that district was so 
direct and important. 

As the treatment of ironstone and its manufacture belongs to another 
section, we will, for illustration, take east of Bishop Auckland, and 
adjoining the river Tees. For instance, in 184r), the first blast furnace 
was erected at Witton Park, in the neighbourhood of Bishop Auckland. 

From 1846 to 1857, a period of 11 years, we have 34 new furnaces, 
and now, years more, there are 52, all lying to the east of Bishop 
Auckland, and connected directly with the Te(»s ports, or nearly one-half 
of the whole blast furnaces in the North of England ; besides the fact, 
that each furnace averaged fully one- third greater yield in 1857 than in 
1853, and now fully double that of 1853. 

The direct bearing on the Tees coal district, by these 52 new blast 
furnaces, erected in the last 15 years, is to require at least three million 
tons of coals annually, or, about 600 acres of a four-feet coal seam more 
than in 1846, so that any calculation of the duration of the Northumberland 
and Durham Coal-fields must be subject to the rapid increase, or otherwise, 
in the iron manufacture, as 600 acres per annum extra requirements 
have all arisen in the last fifteen years, and the consumption of coal in the 
whole of the North of England, by blast furnaces or pig iron manufacture, 
would not be less than 1160 acres annually, or 53 millions of tons, if all 
the present furnaces were in full blast. If the gross make of f)ig iron be 
taken at five million tons, we have a requirement of nearly 8000 acres of 
a coal seam 4 feet thick, per annum. 

E 
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In 1863^ was the celebrated ^' Boghead Coal " trial, to determine 
whether it was coal or not. This mineral, compared with anthracite and 
cannel coal, certainly shows a great difference in analysis. 

At the Royal Society's meeting in Edinburgh, on the 6th of February, 
1855, they passed a resolution " That, in the present state of science, it 
is impomhle to determine what coal uf* 1 1 * 

1868. — The present length of railway underground, 1260 miles. 



* On the authority of a lecture on '* Coal, Com, and Cotton, the three Kings that 
rule the World," delivered on the 17th December, 1862, by H. Coesham, and after- 
wardB pnbliBhed, it ia stated, that at a meeting of the Boyal Society of Edinburgh, 
held on the 6th February, 1855, a resolution was passed, stating ** that in the present 
state of science it is impossible to determine what coal is." Since the British 
Association Meeting in Newcastle, in 1868, this has been called into question by one 
of the members of the Boyal Society, who states that no such resolution was passed 
or recorded in the minutes of the Boyal Society. 
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No. 6.— SmKING OF PITS, AKD DRAINAGE OF MIKBS. 

Detailed statements of the most approred methods of sinking, may 
be met with in the Mining Institute Transactions, Vol. Y., where the 
cases of Mnrton, Seaton, Ryhope, &c., are referred to. 

Apart from the use of more powerful machinery, not much improve- 
ment has been made in the sinking of pits during the last thirty or forty 
years. 

About 1795, cast iron tubbing, for damming back the large feeders 
met with in sinking, began to be generally used. 

At first they consisted of circular rims, the full sise of the shaft; but 
the late Mr. Buddie introduced segments, which were more manageable. 

These segments, on being properly wedged, formed a complete barrier 
to the passage of water.* 

It may be here remarked, that the metal tubbing, in upcast pits, in 
the course of a few years becomes converted into a substance closely 
resembling plumbago, and, in this state, is of course incapable of resisting 
the pressure of water behind it, hence we hear frequently of accidents 
occurring owing to the bursting away of the segments, thereby endanger- 
ing the mine, both by the large influx of water and derangement of the 
ventilation. 

By a very simple process, however, this danger may be entirely 
obviated ; the remedy being merely to protect the metal by means of 
firebrick, or other casing, against the action of the sulphurous acid and 
other products of combustion. 

The chief difficulties met with in sinking arise— 

1. From quicksands, immediately below the surface. 

2. From quicksands underlying the Magnesian-limestone. 

9. From large feeders, met with in sinking through the Magne- 
sian-limestone, and many of the Coal-measure-sandstones. 
1st. The quicksands lying immediately below the surface are generally 
dealt with by piling ; and, when the water is comparatively trifling, this 
is a very easy process. 

* On completion of this casing, the pits in which metal tabbing is nsed, are 
rendered perfectly safe against inundation, arising from the bursting away of the seg- 
ments ; it having been proved (at Uaswell Colliery, remarkable for its hot 
shaft) that, after a period of about twenty years (during which the tabbing hi 
'^ * ad ■ " 



protected), it is in all respects as sound and perfect as at the time when first put 
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At Framwellgate Moor, upwards of twenty fatboms were piled 
through ; the pit having been commenced at 30 feet diameter, and ulti- 
mately, after 10 tiers of piling, a diameter of 14 feet was obtained. 

2nd. The friable sandstone, underlying the Magnesian-limestone, is of 
a more difficult nature, owing to the feeders of water in it being so very 
considerable; and also to the circumstance that there is a difficulty in 
driving piles, masses of indurated sandstone being frequently met with. 

Occasionally, a very large expenditure has been necessary in sinking 
through this sand ; the feeders met with in it, and the superincumbent 
Magnesian-limestone, in Murton Colliery (about 20 years ago), being 
upwards of 9,000 gallons per minute, at a depth of 540 feet, and required 
steam power, amounting to 1,584 horses, before the passage through 
could be successftilly accomplished. 

The Magnesian-limestone, owing to its porosity, and the underlying 
friable sandstone, constitutes an excellent reservoir for water; hence 
sinkings have been made through it into this sand at Humbleton Hill, 
Fulwell, and Cleadon Hills, during the last few years, from which a supply 
of pure and excellent water is obtained for the towns of Sunderland, 
South Shields, and neighbourhood. 

8rd. Large feeders of water, as remarked above, have been met with 
in the Magnesian-limestone, and also inmany of the sandstones overlying 
the High Main seam of the Tync. 

The most remarkable instance is in the sandstone locally called the 
"Seventy Fathom Post," in which from 1,500 to 2,000 gallons per 
minute have been frequently encountered. 

It is found generally that all these feeders gradually subside, owing 
to the constant pumping at the various collieries in the district. 
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No. 6.— DRAINAGE OP MINES. 

As a general rule, the strata in the mines in Durham, underlying the 
Hagnesian-limestone, contain very little water, the distance being so 
considerable between the bottom of the limestone and the seams of coal ; 
and^ also, from the fact of the sandstones passed through being com- 
paratively compact and capable of holding little or no water. 

It is found, however, in more shallow mines, that frequently very 
considerable sur&ce feeders have to be drawn, varying from 400 to 1600 
gallons per minute. 

At the Hartley Pit (where the accident occurred last year) the 
quantity of water drawn to the surface was about 1200 gallons per 
minute, by an engine of dOO-horse power, and from a depth of 600 feet. 

Walbottle and Wylam are also equally remarkable for the large 
quantities of water met with, being in each case upwards of 1200 gallons 
per minute. 

The general cost of pumping water from the Northumberland and 
Durham mines, exclusive of interest and redemption of capital, is about 
one farthing per ton of water raised per 100 fathoms. 

In the cases of Walbottle and Wylam Collieries, the water drawn 
exceeds that of the weight of coals, in the ratio of 15 to 1. 

For details of this subject, we beg to refer to the Mining Institute 
Transactions. 
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No. T^MODES OF WORKINO. 



The ordinary mode of working the coal seams^ in the early period of 
coal minings was to get as much of the coal as could possibly be done, 
leaving a pillar just sufficient to support the superincumbent strata, so 
as to secure the safety of the men working the seam ; and, where practi- 
cable, to take out all the coal. Where pillars were left, attempts were 
afterwards made to work off a portion of this pillar, or *' robbing'^ as it 
was technically termed, which generally resulted in producing a " creep" 
or " thrust,'' and so destroying the remaining coal almost entirely, or so 
crushing it as to render it unprofitable to work. 

The late Mr. Buddie, perceiving the evil effects of this mode of work- 
ing, commenced removing the pillars entirely, simultaneously with 
working the whole coal, as a system ; thus leaving no support to the roof, 
which immediately fell, and thus relieved the pressure from the adjoining 
pillars. 

This system, with various modifications, has been in operation up to 
the present time, the material difference being that a much larger descrip- 
tion of pillar is now left than formerly, thus forming a sort of connecting 
link between the '^ board and wall" system and that of the ^ long wall." 

The latter mode of working has been adopted in Northumberland and 
Durham at several collieries; but much depends on the nature of the 
roof and thill or underlying stratum of the seam of coal, and it has been 
generally found, after trying the "long wall" system, more expedient to 
form large pillars, which has had the effect of improving the coals, both 
as regards size and produce, when such pillars are worked. 

It may be here*remarked, that by the board and wall system, all coal 
of the entire coal-field can be obtained, none being wasted in the mine. 

The extraordinary increasing demand for small coals for foreign and 
coking purposes renders this description of coal now of very great 
importance; whereas formerly, when there was no such demand, enormous 
quantities were annually consumed and wasted. 

A reference to the Transactions of the Mining Institute, Vol. I., p. 239, 
will exhibit in detail all information connected with the subject. 

Attempts have been made, from time to time, to supersede manual 
labour in the working of coal, and although those have only proved 
oartially successful, still it is obvious that some means will be adopted 
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shortly to prevent the serious waste of coal entailed bj the use of manual 
labour, especially in the tender and thinner seams. This important 
question has lately been examined into by Messrs. Daglish and L. Wood 
(see Mining Institute Transactions, Vol. XII., page 63), who report 
favourably on the machine invented by Messrs. Bonesthorpe, Frith, and 
Hedley^ and which is now in operation at the West Ardsley Mine, near 
Leeds. 

The power adopted is compressed air, which is produced by an engine 
of 30-horse power. Metal pipes, to convey which, 4| inch diameter^ are 
taken down the pit, and thence 2} inch pipes to the place where the 
machine is worked. 

This machine has not yet been sufficiently tried to determine the 
economy of its use or otherwise ; but Messrs. Daglish and Wood report 
'' that the introduction of machines will relieve the miner (in low seams 
especially) of the more arduous, painful, and monotonous portion of his 
labour.** 

Another indirect advantage is, that as the compressed air is exhausted 
with very great rapidity, a very low temperature is produced; thus 
^^ aiding greatly the efficient ventilation and general sanitary condition of 
the mine." 

This subject will undoubtedly be Airther prosecuted; the objects to be 
obtained being so important, viz. : — Saving of labour, prevention of waste, 
as compared with the present system (especially in the tender and thinner 
seams), and introducing a new ventilating power; we may hope, there- 
fore, that this important matter will receive that attention which it so 
well deserves; and we are informed that the Hetton Coal Company has 
erected an experimental engine to test the principle and mode of working 
such engines. 
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No. 8.— VENTILATION AND LIGHTING OF MINES. 

The Yentilation of coal mines has been effected in various ways ; a 
general summary of which is as follows : — 

1st. Natural Venttlatioriy in which no artificial means are employed; 
advantage being taken of the direction of the wind, or other natural 
causes, and of the ascending power given by the heat of the workmen 
in the mine to the return current, and also by the heat given out by the 
increased temperature of the mine itself. — {See inqtiiry into the Steam 
Jet, VoLl. IVansaetions of Mininff Institute.) 

2nd. By Waterfall, — This had the effect of causing a considerable 
current, but was objectionable, as the water was again to be raised to 
the surface, but it is used on extraordinary occasions to produce a current 
of air, in cases of accident or interruption to the ordinary modes of 
ventilation. 

Srd. Mechanical F^^i/a^t^n, by air-pumps worked by steam engines. 

4th. Steam Jet. 

6th. Furnace. 

Prior to 1760, the internal ventilation of mines was carried forward by 
causing a current of air to circulate round the places in which the men 
were working, the intermediate space being left without ventilation. In 
this case, on any sudden fall of the barometer, or leakage of stoppings, 
gas was diffused into the passage roads of the mine, and on meeting the 
first light an explosion ensued. 

Mr. Spedding, of Whitehaven, perceiving the objection of not 
ventilating the intermediate space of the mine, introduced the system of 
^^ coursing or shething/* the simple meaning of which is to ventilate, as 
far as practicable, the whole of the mine. This had the efiect of prevent- 
ing the accumulation of gas in those parts of the mine from which the 
coal had been excavated, but the result was, that the distance to be 
travelled by the air current (and the consequent resistance) was so greatly 
increased, that a very trifling amount of ventilation was obtained. 

It was also about the year 1760 that the '* Steel Mill" was intro- 
duced ; the object of which was to produce sparks, by holding a piece of 
flint against the revolving periphery of a wheel, the rim of which was 
steel.* 

* This mode of yentilation is generally used in those mines the entrance to which is 
by an adit, or level, from the surface. 
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This instmment, although explorions did occasionally take place with 
it, was used in fiery mines^ up to the introdoction of the Davy-lamp in 
1815. 

About the year 1818, the system of " splitting ** or dividing the 
current of air into several sections, was introduced'; each of which ven- 
tilated its own district, and then passed direct to the fiimace ; the result 
was, that the distance to be travelled by the respective currents was much 
diminished, and an improvement, both in the quantity and purity of the 
air e£Eected. 

Davy's and Stephenson's lamps came into operation in 1815, by which 
a new era was introduced in coal mining, as those deep and fiery mines 
could nofw be worked, which could not be done under the old system. 

Various committees of the Houses of Lords and Commons have, at 
different times, been appointed on the subject of the prevention of 
accidents in coal mines. 

In 1835, a committee, of which Mr. Pease was chairman, reported as 
follows i^-*' Your committee regret that the results of this inquiry has 
not enabled them to lay before the House any particular plan by which 
the accidents in question (Mines) may be avoided with certainty ; and in 
consequence no decisive recommendations are offered." 

In 1839, a committee was appointed at South Shields (in consequence 
of a serious explosion at St. Hilda's Colliery) and an able report was pub- 
lished in 1843. 

In 1845, Sir H. De la Beche and Dr. Lyon Playfair were appointed 
by government to institute an inquiry into the causes of accidents in coal 
mines. These gentlemen recom^lended the compulsory use of safety- 
lamps in all fiery mines, and the appointment of government inspectors. 

In 1849, a committee of the Lords was appointed, who directed 
attention to the evidence adduced, especially as regarded the appointment 
of inspectors, the improvements in safety-lamps, and ventilation generally, 
and also devoted especial attention to the precise action and power of the 
steam jet, as a ventilating agent compared with the ordinary furnace. 

At the same time. Professor Phillips and Mr. Dlackwell were appointed 
to investigate and report on the ventilation of mines. 

In 1851, government inspectors were appointed. 

The number of deaths from explosions in Durham and Northumber- 
land, from 1755 to 1815, that is, to the time of the safety-lamps being 
used, was 734, and to 1845 the number was 968, and from 1851 (the 

p 
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commencement of the act appointing inspector) the number of deaths 
has been at the rate of 161 per annum. 

These results may appear paradoxioal; but it must be remembered 
that not only has the production of coal been very largely increased, 
but the fiery and dangerous mines, which could not be worked prior to 
the introduction of the safety-lamp, have since that time being extensively 
brought into operation. 

In the year 1813, when a very serious accident had taken place at 
Felling Colliery (resulting in 92 deaths), the late Mr. Buddie addressed 
a letter to a committee formed at Sunderland, of which Sir Ralph 
Milbanke was chairman, in which, after describing the various systems 
of ventilation practised at that time, he stated that the standard ventila- 
tion was from 3000 to 3000 cubic feet per minute in each air channel. 

This quantity has been progressively increased, arising chiefly from— 

1. Increase of furnace power. 

2. Enlargement and increase in number of the air-courses. 

8. Increase of the number of splittings or division of the main 

current into separate currents. 

An instance of the ventilation of Hetton Colliery (one of the largest 

in the county of Durham) may be interesting, as contrasted with the 

ventilation of former periods, furnished by Mr. Daglish, the viewer of 

Hetton Colliery. 

Account of the Quantity of air at the Hetton^ Elemorej and 
Eppletcn Collieries, as measured, Jan., 1863 : — 
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BUBIIOSB CouJEKT^SMon Seam, 
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In the Main CM Seam the boilers are fed with return air. 
Total. 
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To produce the foregoing results^ the combined furnace power is 
calculated to be eqaivalent to the effect which woold be obtained bj an 
«ifaausting engine of 368 1 -horse power. 

Although this is a very great increase of ventilation, as compared with 
former times^ still it most be borne in mind that, as the resistance to the 
passage of air in mines increases as the squares of the velocity^ the power 
necessary to produce such increased velocity (eet. par.) is as the cube of 
the velocity. 

Consequently^ to double the quantity of air circulating in a mine^ the 
si^e of the air passages, and all other circumstances remaining the same, 
it will require eight times the power, or in the case of Hetton Collieries, 
2148-horse power. 

It may be remarked generally, that many means of ventilation have 
been devised from time to time, but it has been found that rarefaction, by 
the use of the ordinary furnace, possesses the advantages of 

Greater cheapness, 
Regularity, 
And eflSciency 

over all other systems. 

With respect to the lighting of mines, the general practice is to use 
the unprotected light in the '^ Whole,** or first working of the mine ; 
where blasting is necessary, and in removing the pillars, or second work-* 
ing, safety-lamps are used, as the ventilation cannot be so perfectly 
carried forward as in the " Whole Mine" 

Generally, it may be remarked that good ventilation, by whatever 
means produced, with the judicious use of the safety-lamp, is the only 
means of preventing the recurrence of those fatal accidents which have 
caused such disastrous destruction of human life and property. 

In order to obtain a detailed account of ventilation, we have to refer 
to the papers on this subject in the Mining Institute Transactions, in 
Vols, I., III., VI., by Mr. N. Wood, the late Mr. Thos. J. Taylor, Mr. 
Longridge, the late Mr. Wales, Mr. Atkinson (the Government Inspector 
of Durham), Mr. Daglish, Mr. Armstrong, and others, who have theoreti- 
cally and practically investigated this very important subject. 

The following analyses of inflammable gases in mines were made by 
Professor Playfair and Dr. Richardson : — 
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Na 9.— THE UNDERGROUND CONVEYANCE OF COAL. 

In the early period of the history of coal miningfy the conveyance of 
the coal underground bore no comparison with that which it does at the 
present day. Previously to the introduction of the steam engine, mining 
for coal was confined to pits of inconsiderable depth. The sinkings were 
numerous, and the distances which the coal was conveyed from the place 
where it was excavated to the bottom of the pits was inconsiderable; and 
within the recollection of the present generation, the mode of conveyance 
was confined to sledges, on which the baskets of coal were placed, and 
drawn by ponies or horses, and in several instances, especially in Scotland, 
carried upon the backs of women, from the workings to the bottom of the 
pit, and sometimes even up the shaft to the surface. When the coals were 
not carried to bank in this manner, they were drawn by whimseys or gins 
or by water wheels. 

After the introduction of steam engines, and when it became necessary 
to sink deeper for coal, tramways were introduced (in 1777), and super- 
seded the use of sledges in conveying the coal from the workings to 
the bottom of the shaft. The coals were then drawn to bank by steam 
engines. 

Afterwards edge rails were introduced above-ground, and they were 
likewise adopted under-ground, and were first of all employed to convey, 
in single trams, the coals from the &ce of the workings to the bottom of 
the shaft ; subsequently, when the workings became more extended, the 
coals were conveyed by single trams to central stations, and thence in 
trains of from two to four along the main road to the bottom of the shaft. 

When sledges were used, baskets (carves) made of wicker work were 
placed on them, and so conveyed to the shaft; and even when wheel 
carriages were first adopted, sledges were still used in the vicinity of the 
workings, and stations were fixed upon, and small cranes employed to 
lift the baskets or corves upon the carriages, and they were so conveyed 
from the stations along the main roads to the shaft. 

After small wheel-carriages were introduced, the same arrangements 
were pursued at the stations, cranes being still used to lift the baskets and 
place them upon larger carriages, or *' rollers/' Two, three, or four 
baskets being placed upon one roUey, and so conveyed to the shaft. 

Ponies were used for single trams, and powerful horses for the wagons 
or rolleys on the main roads. 
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When baskets or corves were used^ which was the practice for several 
years, they were drawn up the shaft by steam engines; but, as they were 
thus subjected to great wear and tear from the sides of the pit, and were 
also theBEiselves productive of great injury to the sides of the shaft, various 
contrivances were adopted to remedy this expense. At last a plan, 
previously used in the collieries of the Midland Counties, of placing 
timber slides in the shafts, and of drawing up and down the shaft a 
platform or cage, made to work within such slides, was adopted^ at 
the South Hetton Colliery, by Mr. T. Y. Hall, by which means the 
wear and tear of the sides of the shaft and of the baskets or corves was 
avoided. Since then tubs, or boxes of timber or iron, have been almost 
universally used^ which are fitted up with wheels adapted for the round 
topped cast or malleable iron rails, not only throughout the workings but 
from the stations to the bottom of the shaft. 

By this mode the coals are brought out of the working places in single 
tubs, and are drawn by ponies to the stations, from whence they are 
taken by fixed steam engines, self-acting inclined planes, or horses, from 
the stations to the shaft. 

It is at all times a subject of vital importance to the trade to economise 
as much as practicable the conveyance of coal from the workings to the 
bottom of the shaft, the more so as coal at much greater depths from the 
surface, and also much greater distances from the shafts, being now 
worked, and the pits being more expensive to sink, they are consequentij 
much further apart. Two papers on the subject, by Mr. N. Wood, were 
read to the Institute of Mining Engineers, Vols. VI. and VIII., in which 
the whole system of conveyance was investigated. 

The annexed diagram is laid down as representing the whole system 
of underground conveyance, and by which plan steam engine power, or 
gravity as self-acting, could be exclusively employed, except in occasional 
oases where horses were used as auxiliary to those mechanical [K>wers. 

The diagram shows the manner a coal-field, of considerable extent, 
may be laid out so that coals may be conveyed from the stations to the 
bottom of the shaft, almost exclusively by steam engine power, or bj 
self-acting planes, and without having recourse to horse-power. Steam 
engine planes, above two miles in length, are at present in use ; hen<^ 
the diagram would represent a coal-field of four square miles or 2560 
acres in extent. 

It will be seen, likewise, that almost if not more, than one-half of 
the Northumberland and Durham coal-field is covered by the sea. The 
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line of section from Warkworth to South Wingate, No. 4, shows that all 
along that line the coal lies at a considerable depth from the surface, and 
that such line passes to the west of the point of lowest depression above 
the high water mark ; and also that, for a considerable distance along that 
line, even at the point of depression at Monkwearmouth, the beds of coal 
dip towards the sea, showing that the point and line of lowest depression 
is to the east or seaward. With reference, therefore, to the conveyance 
of the coal which lies underneath the sea, it becomes a subject of the 
greatest importance, both in a practical and economical point of view, 
how that can be accomplished. 

We have instances of engine planes at present in use 2^ to 2} miles 
in length. There seem to be no engineering difficulties in extending that 
distance. The papers alluded to above show, by experimental deductions, 
that steam can be conveyed considerable distances, if properly arranged, 
and without loss of power ; and, therefore, that engines may be placed at 
great distances from the shaft. We have also the case of the underground 
railway, showing that locomotive power may be used without the produc- 
tion of smoke or heat, which would be objectionable in underground lines 
of railway, and we have already had an attempt to introduce a locomotive 
engine into the workings of one of the collieries of Northumberland; we 
thereupon conclude that coals may be conveyed for very great distances 
indeed below the sea. 

When the time arrives for the conveyance of coal for more extended 
distances than at present, wp see no reason to doubt, from past expe- 
rience, that means will be devised to accomplish that object. 

It may likewise be mentioned that water is pumped from great dis- 
tances underground, by the friction of the wire ropes, used in drawing the 
coals, passing round a sheave to the axle of which the pumping apparatus 
i£ attached. In one instance, a twenty- four-horse power engine draws 
400 tons of coals per day^ and lifts the water from the lowest level of a 
plane, 1300 yards long, 156 feet perpendicular, to the bottom of the 
shaft, and 270 feet to the surface, a total of 426 feet perpendicular. 

Compressed air has also been successfriUy introduced in underground 
conveyances at c<msiderable distances from the shafts, and seems likely 
to be very efficient for long distances. The steam engine compressing 
the air being either placed on the sur&ce, or at the bottom of the upcast 
shafts, and the compressed air taken into the working stations by pipes, 
where the ezigines are worked to convey the coal. 
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Na 10.— THE BFPBCT8 OF THB INTBODUCTION OP RAILWAYS AND 
LOCOMOTIVBS, SCREW STEAMERS, AND INLAND COMPETITION ON 
THB COMMEBCLAIi CHARACTER AND STATE, OP THE NORTHERN 
COAL TRADE. 

We have already stated, under the head of ^' Account of New Dis- 
coverieSy and their Application connected with the Goal and Coke Trades/' 
that one of these discoveries was the introduction of railways; next, that 
of locomotive engines, and then that of screw steamers. We have now 
to consider their several effects upon the Northern Coal Trade, including, 
in the consideration thereof, the inland competition promoted by the intro- 
duction of railways and powerful locomotive engines. 

It is unnecessary for us, in this section of the paper, to enter into the 
history, or into the details of the introduction of those powerful and im- 
portant elements of locomotion for the conveyance of coaL Separate 
sections, devoted to these details, have been undertaken by different 
gentlemen. We shall confine ourselves, therefore, in this paper, to the 
effects of the conveyance by such machines on the coal and coke trade. 

For a long period of time, extending to a remote date, the country 
trade in coals was conducted by the conveyance of the coals on pack 
horses, mules and asses ; the coals were placed in bags, and laid upon the 
backs of these animals; and, within the recollection of the present genera- 
tion, vast numbers of these animals were ufted for such a purpose, along 
roads impassable by carts. When the roads were improved, and carts 
could be used, the usual load for a horse was about one ton, conveyed 10 
miles a day. Wooden railways were first used about the year 1632, when 
the load conveyed was increased to two tons in one ws^on, or four tons 
in two wagons on a &vourable gradient But the pits in the early period 
of coal mining being generally situated at or about the outcrop of the coal, 
or elevated parts of the district, two wagons were used ; an extra horse 
being used in the more hilly parts of the road to drag up the empty wagons. 
After wooden rails only were used, a partnership on the I^ne employed 
above 850 horses in the conveyance of their coals from the pits to the 
river, from whence they were conveyed in barges or keels to the ships. 

Cast iron rails were first used at the collieries in Durham and Nor- 
thumberland about the year 1704, and malleable iron rails in 1815, first 
in the shape of tram roads, and, ultimately, as round topped rails. Before 
the introduction of locomotive engines, horses were the motive power 
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used, the usual load for a horse on the cast iron roads being ten to twelre 
tons on a level or slightly inclined road, and the distance conveyed 
20 to 24 miles a day ; 10 or 12 miles loaded, and 10 or 12 miles empty. 
Thus, the progressive improvements in the conveyance of coal was, on 
common roads, one ton conveyed 10 to 12 miles per day, with horses; on 
wooden railways, three to four tons, conveyed 10 to 12 miles per day, or 
80 to 40 tons one mile per day ; and when cast iron rails were adopted, 
120 to 140 tons conveyed one mile per day. 

Then came the introduction of locomotive engines. First on the 
Wylam Railway, on a tram road, in 1813, and then the improved 
locomotive, on the round topped rails, in 1814, by Mr. Stephenson. In 
the early period of the introduction of the locomotive, the assigned per- 
formance of a locomotive was 40 tons, conveyed six miles per hour ; and 
on an enquiry respecting the performance of a locomotive at the period of 
the opening of the Liverpool Railway, in 1829, the performance assigned 
by Messrs. Walker and Rastrick was 38 tons, conveyed five miles per 
hour, and by Messrs. R. Stephenson and Locke 45 tons, conveyed at the 
rate of 12 miles an hour. 

Since that period, malleable iron has been universally adopted in 
railways, and heavier rails have been laid down. On the Liverpool and 
Manchester Railway, the weight of the original rails was 351bs. per yard, 
now rails of 841bs per yard are universally used. The locomotive engines, 
which, as improved engines at the time of the Liverpool Railway opening, 
were stated by Stephenson and Locke to have an evaporating power of 
18 cubic feet per hour, are now stated, in the accompanying paper on 
locomotive engines, to have an evaporating power of 144 cubic feet per 
hour, and the performance from 45 tons, conveyed at the rate of 12 miles \ 

per hour, has been increased to 300 tons, conveyed 20 miles per hour, or 
over an extent of line of 235 miles, from Darlington to London, in about 
16 or 17 hours, including stops. 

This performance has been accomplished on the narrow gauge of ; 

railway, of 4 feet 8} inches. Upon the broad gauge of the Great j 

Western Railway, which admits of more powerful engines being used, ] 

the evaporating power is much greater. 

Whilst the motive power on railways was confined to horses and less 
powerful locomotives, the benefits derived by the coal trade from the 
improvements of railways, was local ; confined to cheapening the convey- 
ance of the coal from the pits to the shipping places for sea-sale, or to the 
dep6ts on the different local lines of coal for land-sale. But when the 
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railways and locomotives were improved, and tlie conveyance of coal was 
reduced to a comparatively small cost, then the public railway companies 
set up a competition with the Northumberland and Durham Coal Trade 
for the London and distant coastwise markets, the former sending coals by 
railway conveyance and the latter by sea. 

Steam had been applied to the propulsion of ships in 1812, and it 
was suggested, especially after the introduction of the screw into steam- 
boats, whether a description of vessel propelled by steam, could not be 
devised which would, by carrying a considerable quantity of coal, and 
using water as ballast in the return voyage, economise the conveyance of 
coal to the distant coasting ports and to London, to compete with the 
conveyance by the improved and powerful locomotive engines upon rail- 
ways. 

The competition as regards railways, of course, rests upon the quantity 
of coals conveyed by the present locomotive engines, and upon the cost of 
such conveyance. 

And as regards screw steamers, the screw steamer •' Killingworth,'* 
of 70-horse power, belonging to Mr. Nicholas Wood, made, in the year 
1862— from January 10th, 1802, to January 9th, 1863— sixty-five 
voyages from West Hartlepool to London ; loading at West Hartlepool, 
and delivering in the Victoria Dock, London, 38,738 tons 19 cwts. of coals, 
or an average of 696 tons per voyage. 

Since the " Killin^orth" was built, in January, 1856, a larger descrip- 
tion of vessel, conveying 900 or 1000 tons at a time, has been introduced 
into the trade, and, requiring very little more power of engine, has been 
found to be more economical. And we may suppose that probably st31 
more powerful engines may be used on the railways; so that the 
competition between the two modes of conveyance may be said to be very 
close, if the charges for each description of motive power rests upon jbhe 
actual cost of each. 

The practical efiect upon the coal trade of the north by the introduc- 
tion of railways and the conveyance of coal by locomotive engines has 
been that, in the year 1862, 1,581,421 tons of coals were sent to the 
London market, out of 4,973,823 tons consumed in that port. 

From the " Statistical Abstract of the United Kingdom," 1848-62, 
it appears that the increase in the tonnage of screw steamers has been 
from 108,221 in 1849, to 461,792 in 1862. 
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No. 11.— THBf DURATION OF THE COAL-FIELD. 

It has been intimated that it would be very desirable that someobser** 
▼atioDs should be made on the duration of the Northern Coal*field. No 
doubt the quantity of coal jet to work in that coal-field is a subject of 
national importance; but, from the obserrations already made, it will 
have appeared that such a calculation is attended with more than ordinary 
difficulty. The coal-field may be said to be that of an oval basin, elon- 
gated north and south. On the western side of the basin the outcrop of 
the seams is pretty well defined, but more than one-half of the basin 
appears to be coFered by the sea, under which at present it may be said 
that no explorations have been made. On examining the line of section 
No. 4, yIs., from Warkworth Colliery, at the northern extremity, to Castle 
Eden Colliery, near the southern extremity, the beds of ooal lie at a very 
considerable depth below the water level of the sea, and that line of sec- 
tion passes through the deepest explored part of the coal-field, as will be 
seen by the observations made on section No. 4. The lowest known 
point of deepest depression being the Hutton-seam (below which there are 
several workable beds of coal) which seam, at Honkwearmouth Colliery, 
is 300 fathoms below the level of the sea. 

We have stated that the line of the sea coast does not pass over the 
line of the deepest part of the basin, but that for a very considerable dis- 
tance the beds of coal dip to the east, or underneath the sea. We do not 
know how far beyond the sea shore the beds continue to dip, or at what 
distance beyond the line of the coast the greatest depression of the coal 
beds will be found. Until further and more extensive explorations deter- 
mine this, we are completely at fault as to the quantity of coal lying 
underneath the sea. 

We see, therefore, the difficulties which we have to encounter in 
approaching such an enquiry, and we naturally ask, can such an enquiry 
at the present moment be of the least practical utility. We have not 
yet reached the threshold of such a conjecture. We have not yet 
explored one square mile of this vast unknown space, or determined one 
of the many elements required in such an intricate and uncertain inves- 
tigation, and we have come to the conclusion that, to say the least, such 
an investigation can be of no practical utility, and that the attempt^ at 
present, to fix the duration of the coal-field is at the least premature. 



PRODUCE OF COAL IN NORTHUMBBRLAKD AND DURHAM.. 

1861. 

Tons. 

House Coal «« ... 4,498,450^ 

QftB Coal ... 1,717,000 

Steam Coal, Small and Mannfactoring Coal 4,317,120 

Sent by the Korth-Eastem Railway to the Proyincesl 

paBsed on the Line ) 

Distributed on the Carlisle Line 130,000 

Coke consumed in Iron Trade 5,000,000 

Alkali and other Manufactures 1,250,000 

Colliery and Home Consumption 2,200,000 

Dnfi and Waste 500,000 

Total 21,777,670 



2,180,000 
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No. 1.— COMPOSITION OF COAL. 

Wx quite agree with Br. Percy, that the ultimate oomporition of a ooal throws little 
or no light on the porpoaet to which it can be most profitably applied ; bat such 
analyns, taken in conjunction with the results of other methods of examination, 
may be safely employed by the ooalowner to goide him to the market most soitable 
for his ooaL 

We quote some analytical resnlts of some of these methods, with samples 
characteristic of the different kinds of coals mentioned in the Report. 

1.— Calobific Valus. 

The figures which follow, represent the number of lbs. of water which 1 lb of 
each coal ooold boil off from a temperature of 212® F.: — 

Household Coal 18*72 

Qas Coal 16*87 

Steam Coal 14*85 

Coking Coal 1528 

2.— CoKB AaaAY. 

The examination of the coal for this purpose, is made according to the method 
prescribed by the French authorities : — 



rCarbon 71-81 ... 6811 

^^^JAshes 0-68 ... 0-95 

Gaseous products 27*61 ... 80-94 


BlMom. CoUiiff- 
... 60-59 ... 70*72 
... 1-01 ... 2*21 
... 88-40 ... 27-07 



100-00 100-00 100-00 100-00 

8.— Qab ANALTsra. 

This method of analysis funushes yery reliable resnlts as to the quality of a 
coal for the manufacture of gas, oil, kc : — 

(Carbon 
Ashes 

Tar 

Gas water 

Carbonic Add 

Sulphuretted Hydrogen 

Gas 

100-00 100-00 lOOHX) 100-00 



HooMhoU. Om. 


SiMHD. 


Coktef. 


. 74-70 ... 68-89 


;-J65-76 ;; 


.69-90 


. 0-20 ... 2*29 


. 2HK) 


. 815 ... 11-24 


.. 1616 ... 


8-40 


. 1-80 ... 1-84 


.. 0*50 ... 


1*26 


. 0-86 ... 0-70 


.. 0-76 ... 


0-89 


. 0-14 ... 0-22 


... 0-14 ... 


0-11 


. 14*66 ... 15*82 


.. 16-68 ... 


17-96 



52 



4. — Ultimate Aiy aXtbis. 
ThiB method merely gives the ultimate elements which are contained in the 
coal, bat fnmishes no information how these elements are combined, nor what are 
really the proximate constituents of the coal : — 





HooMhoUL 


Om. 


StMun. 


CoUac. 


Carbon 


88-47 .. 


. 82-42 


... 82-24 


... 81-41 


Hydrogen 


6-68 .. 


. 4-82, 


... 6-42 


.. 6-83 


Nitrogen 


1-42 

8-17 •• 


. 11-97 


... 1-61 


... 2-06 


Oij^eji 


... 6*44 


... 7-90 


Sulphar 


0^ .. 


. 0-86 


... 1-85 


... 0-74 


Ash 


0-20 .. 


. 0-79 
100-86 


... 2-94 


... 2K)7 




100-00 


100-00 


100-00 




OurDBBGOAL. 









The peculiar action of a basaltic dyke in changing the composition of the coal 
in its immediate yicinity, has been shown by some analyses in an interesting paper 
by Messrs. Olapham and Daglish, from which we quote the following (taken 
from a paper contributed Mr. H. Taylor to the Institute of Mining Engineers, 
VoL m.):— 

Hamrdl HntUm Cinder Coal Coal 6Brarda 
S«MB. fttDyks. IkwnDylM. 

Carbon 84-284 80-266 89-916 



Hydrogen 
Nitrogen 
Oxygen 
Sulphur 
Ash ... 



6-522 2*405 

2-075 1170 

6-228 0-928 

1-181 1-646 

0-715 IS'^Ol 




100000 



100-000 100-000 

Or, deducting the ash, the results are as follow :— 

Carbon 84-890 92888 91-768 



Hydrogen 
Nitrogen 
Oxygen 
Sulphur 



5-561 
2-089 
6-267 
1189 



2-788 
1-864 
1*068 
1-906 



8-5U 
2-172 
1-258 
1-293 
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No. II.— GASES POUND IN COAL MINES. 

The reoent melttncholj loss of life in Haitlej Colliery, has drawn some attention 
to the gases which are found in working the coaL 

The following table contains all the analyses of these gases, which hare been 
published : — 



H 
O 



OD 
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H 
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n 

$ 



Eg 



5g 
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Of the explosive gases, it may be obserred that oleflant gas has, hitherto, only 
been found in the German mines, while light carburetted hydrogen alone, is met 
with in England, except in one solitary instance, where Playfair disoorered hydrogen. 

H 
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The formation of these gases daring the oonreision of woody fibre into coal, 
is readily explained by means of the following formula : — 

Thus, If we deduct from the elements of wood Cae H^ Ob 

9eq. of carbonic acid O9 — Oia 

8eq. of water ; Ht Os. 

Elements of splint coal Cm Hu = Gas Hm Oaa 

We obtain 8eq. of carburetted hydrogen ... Gs He 

Deducting from the elements of wood CgsHgtC^ 

lOeq. of carbonic add Oio — 0» 

leq. of water H 

The elements of Boghead Coal ... Cie Hu O s= Cas Hu On 

There remains 4eq. of defiant gas ... ... Cg He 

The gas which caused the death of the unfortunate men at Hartley, was car- 
bonic oxide, which had most probably been produced by the imperfect combustion 
of the fuel in the furnace. 

The poisonous properties of this gas were first pointed out by Clement and 
Besoimes, in 1802, which were afterwards confirmed by Sir H. Davy and Nysten; 
and in 1814 two assistants of Mr. Higgins, who made some experiments with it 
upon themselyes, nearly lost their liyes. The most careful experiments on this 
subject, were made by Tourdes and Leblanc, who haye proved that the fatal effects 
of choke-damp are chiefly due to the presence of this gas, which is formed by the 
imperfect combustion of the light carburetted hydrogen. Bernard has shown that 
the mode in which it proves so fatal, arises from the facility with which it combines 
with the blood and displaces the oxygen; and so complete is this action, that the 
French physiologist recommends its use in estimating the quantity of oxygen in 
the blood. 

Numerous fatal cases are on record, proving the poisonous character of this 
gas ; among which may be mentioned the accident at Strasburg, where water-gas 
was used for illuminating that city, and the loss of life in a lead mine in Cumber- 
land. 

It has never been detected as a natural product in coal mines ; but the pecu- 
liarities of the accident at Felling Colliery, in 1845, would seem to indicate 
its presence on that occasion ; and we have been informed that the so-called 
** white stythe," sometimes found in the Midland Collieries, is supposed to be car- 
bonic oxide. 

The following experiments were made by Messrs. Richardson, Browell, and 
Maneoo to ascertain the eif ect of different mixtures of atmospheric air and carbonic 
oxide, on the flame of a candle: — 

^o^ST^^St Obsbrtations. 

2*5 No visible effect. 

6*0 Ditto. 

10-0 Ditto. 

12*5 Flame apparently elongated, but very slightly. 



55 



P« MBtafe of Caiteak 
Oxtd* ia tb« XlxteM. 

15*0 A large top <xl the flame, with the cfaaiaoteriatic appearanoe of 

carbonic oxide. 

20H) The top mnch increased, but Uie candle burnt tolerably welL 

28-0 JLppearanoe eame as last, and candle stiU burnt. 

25*0 The candle extinguished, the mixtnre inflamed, and a disk of flame 

passed slowly to the bottom of the TesseL 
28*5 The candle extingmshed, and the gas burnt with a flash. This la 

the theoretical mixture for perfect combustion. 

^XX ( ...These mixtures inflamed and burnt more or less rapidly. 

Leblanc, and more recently Dr. Letheby, haTC prored that a mixture with one 
per cent, of this gas, is fatal to animal life ; so that the old dictum, whore JIame 
humif life U e^fe, does not hold good when this gas is present 



No. IIL— MINERAL AND BRINE SPRINGS. 

The discoYery of the bed of rook salt at Middlesbrough lends additional interest 
to all the saline springs met with in the collieries of this district. 

Many of these mineral waters, doubtless, owe their distinctive character to 
peculiar circumstances within a yeiy limited area, such as the baryta wateta of 
Walker and Harton, but, on the other hand, the brine springs at St. Lawrence and 
Birtley, may be derived from a source common to the whole of the coal formation. 
As an illustration of the former dass, we may quote the following analysis of 
a water which was met with at Wingate Orange, which had evidently been fonned 
by the oxidation of a deposit of iron pyrites. 

Sulphate of Iron 9*69 

Sulphate of Alumina 0*91 

Sulphate of Lime 5*10 

Sulphuric Acid ^'43 

Ohloride of Sodium trace 

Chloride of Magnesium ... • ^. trace 

Organic Matter trace 

Solid matter per imperial gallon 20*18 grs. 

The brine spring at St. Lawrence Colliery, contained (according to Dr. Bichard« 
son) in the gallon, as follows : — 

Chloride of Sodium 2988*24 



Chloride of Calcium .. 
Chloride of Magnesium 
Sulphate of Lime 
Sulphate of iron 



854*08 
198-92 

44-88 
7-28 



4088*40 gis. 
A somewhat similar water was found in Wallsend Oollieiy, but the oonstituenta 
of this spring varied in a most extraordinary manner, as the following analyses (by 
Br. Bichardson) will show, one having been made in 1842, and the other in 1848, 
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1842. 


1848. 


Chloride of Sodium 


trace 


... 4550-49 


Chloride of Caldmn 


... 7400^1 


... 9024*29 


Chloride of Magnerinm ... 


... trace 


... trace 


Chloride of Aluminiam ... 


trace 


,,, 


Chloride of Iron 




... trace 



These analyBes natnrallj suggest manj ideas as to the probable origin of the 
different constitnents, but on the present occasion, it will be more consistent with 
the object of the report, simply to place them on record. 



No. IV.— MINERALS FOUND IN THE COAL-MEASURES. 

The most widely diffused of these minerals is known, in this district, under the 
name of eoal hra»»e$^ the important constituent of which is H-wiUphide qfiiro% or 
ironpyritei, 

1.— IBON PTBITBa. 

This pyrites exists in larger or smaller masses, more or leas mixed with coal 
and shale, from which it is removed by hand picking. In this comparatiTely puri- 
fied form, it contains from 80 to 85 per cent, sulphur, and is now frequently used, 
along with foreign sulphur ores, for the manufacture of sulphuric add. 

The quantity of coal, howeyer, which stiH remains disseminated through 
portions of the brasses, is a serious drawback to such an application. Iliis coal can 
be remored by grinding the brasses to powder aoad then washing, a prooeas whidi 
has been used by yarious parties, in this locality. The Jairow Chemical Company 
adopted, in 1858, the plan of Dr. Richardson for this purpose, and obtained a 
tolerably pure pyrites, containing from 45 to 48 per cent of sulphur. This purified 
material was made up into bricks with a small quantity of day, whidi were dried 
and then burnt in the usual way for making sulphuric add. 

The residue presented the appearance of calcined black'bsnd ironstone, and 
was, in fact, a yery pure iron ore. ' Br. Richardson, in 1855, induced a firm in the 
iron trade to employ this material in their blast furnaces, and the following is an 
extract from a letter of their able manager, in which he describes the result of a 
trial of many tons, during a period of seyeral wedcs : — *' The proportion neyer 
exceeded one-fifth of burnt pyrites to four-fifths of calcined ironstone, being the 
same proportion, as we then used of Lancashire hematite ore, and, in fact, the cal- 
dned pyrites took the place of the hematite, as long as the supply lasted. The 
yidd from the pyrites, as far as I could judge, was quite equal to tluit from the 
hematite ore, and we could see no apparent change in the working of the 
furnace, or in the quality of the iron, whidi was always as good as any in the 
district. I do not now remember what quantity of pyrites was used altogether, 
but I know we neyer had one complaint of our iron during the time it was being 
used up.** 

A sample of deaned coal pyrites from Walker Colliery, analysed by Hr. (J^ 
ham, contained :^ 
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Sulphur 40*60 

IxoBf as Oxide ... ... ••• ••• ••• ••• 46*85 

Coaly Matter 7*90 

SOica ••• ••• ••• ••• ••• ••• ••• l*6o 

Carbonate of Lime 4*00 



100-80 
2.— CoFPEB Pmns. 

This mineral is more generally diflnied than might hare been ezpectedL 

Dr. Percy states that the anthracite of South Wales, used in the laboratories of the 

School of Mines, contains decided traces of copper, and Mr. Clapham inf onus as 

that he has often fonnd traces of the same metal in the ooal brasses of this district. 

Messrs. Richardson, Bnnning, and Tomlinson, hare also found it in the steam coal 

of South Wales. 

Messrs. Clapham and Daglish have analysed a specimen from the middle of the 

Hatten Coal Seam at Seaton Colliery, found at a depth of 1500 feet. Their analysis 

is as follows: — 

Copper 88*2 

Iron ••• ••• ... ••• ... ••« >•• 28*2 

Sulphur 87*0 

Carbon, fcc ..« ... ... ••• ••• .•• 1*6 

100*0 
8.— OALncA. 
This mineral is of more frequent occurrence than copper pyrites, and we arail 
ourselTea of the interesting paper of Messrs. Clapham and Daglish, to giTe the 
following information. 

They analysed a specimen taken from a rein in the Hutton-seam, at Seaton 
Colliery, and found :— 

Lead 52*48 

Sulphur 11*40 

Iron •. 2*10 

Coal,&c ..« 84*02 



100*00 
These gentlemen state that the coal in the yidnity of these yeins is quite 
unchanged, which tends to show that the deposition of the galena was from solu- 
tion, rather than by the action of heat. 

They also mention that lead ore has been worked, to a small extent, in the Mag- 
nesian-Hmestone, near Castle Eden, abore the Coal-measures, by a drift from the 
beach. 

4.-^ABgENI0 AJSCD ANTHCOITT. 

Daubrfe has found traces of both arsenic and antimony in the ooal of this 
district. The former has been found by Dr. Richardson, in some quantity, in the 
sulphuric add made ezdusiTely from the coal brasses of this locality. 

Messrs. Clapham and Daglish found from 0*1 to 0*8 per cent, of arsenic in som* 
of the coal brasses they examined. 
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6.— SuLPHUBET OP Nickel. 

Messrs. Clapham and Dagliah exhibited at the Chemical Section, a specimen 
containing beautiful crystals of salpburet of nickel, embedded in carbonate of iron, 
which had been found in the South Wales Coal-field. 

6.— SuLPHATiB OP Baryta. 

This substance was first noticed by Dr. Richardson in a deposit from a feeder 
in the shaft of Walker Colliery. He found it to be composed of : — 

Sulphate of Baryta 90*01 

Sulphate of Lime 3*04 

Peroxide of Iron 0*80 

Silica 2*65 

Water 8*61 

99*61 
It has since been discoTered in Harton Colliery, and a large mass has also been 
found by Mr. G. B. Forster, in Felling Colliery. It also occurs in isolated nodule» 
in the lower beds of the Magnesian-limestone. 

7.— Phosphate of Limb. 

The same gentlemen mention that this substance has been found in the form 
of a coprolitef in the bituminous shale, lying immediately over the Low Main-seam 
at Newsham Colliery, near Blyth, and that it contained 30 per cent, of phosphate 
of lime. This bed has received the name of the Jish bed, from the numerou» 
remains of fishes found in it. 

8,— Mineral Wax or Grease. 

This substance is occasionally found, and is called by the miners ** bitumen,**^ 
but it presents the general appearance of Hatchetine. It melts below 21d® F., and 
is volatile at a higher temperature. 

A specimen was found some years ago in the Uix>eth Pit, and Messrs. Clapham 
and Daglish inform us that it was afterwards found in the Seaton Pit. They ahMy 
state that, more recently, a quantity was found in the South Hetton Pit, where the 
pit boys used it for greasing the axles of their trams. 

A specimen from one of the pits near Shotley Bridge, was analysed by 
Dr. Richardson, who found it to consist of :~^ 

Carbon 85'49 

Hydrogen 14*51 

100*00 
Pit Shafts. 

The lining of pit-shafts has attracted great attention, and the material 
employed, justify us to some extent, in introducing the subject in this place. la 
doing so, we are glad to avail ourselves of the information and analyses contained 
in the valuable paper of Messrs. Clapham and Daglish, to which such frequent 
reference has been made. 

The material generally employed is the sandstone of the district, oontaimng 
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Tamble qnantitiefl of iron, lime, and magneaia, which being attacked by the 
snli^iiroixB Taponn from the rentilating f nrnaoes and engine fires, gradual] j caoeea 
a disintegration and destruction of the sandstone. 

This serious loss has been remedied by the adoption of lumps made of fire-clay, 
which resist the action of the vapours. 

The same cause leads to the destruction of the metal tubbing, employed in so 
many shafts, and Messrs. Glapham and Daglish haye examined specimens of these 
tubbings taken from Hetton and other collieries. They give the following analyses 
of some of these specimens : — 
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99-92 



No. v.— SYNOPSIS OP ORGANIC REMAINS FOUND IN THE 
NOBTHUHBBIAN COAL-MSASUBES.— Bt Bichabd Howbb. 



The Carboniferous rocks properly include the DcTonian, Carboniferous, and 
Permian groups which conjointly form the Upper-palaosic dirision of the sedimen- 
tazy deposits. 

Paljiozio Bookb. 



Upper. 



•1 



Lower. 



Permian group. 
Carboniferous group. 
DeTonian group. 

Upper Silurian group. 
Lower Silurian group. 
Cambrian group. 



Chief deposits 
of ooaL 



Traces of coal. 



In the Deronian group, many of the plants of the Carboniferous period for the 
first time appear, and the Permian is linked on to the Carboniferous by many 
indissoluble ties. Some of these relationships are shown in the following Synopsis, 
but it requires a more comprehensive list to express the whole of them. 

Only the most generally recognized species are admitted into the present list, 
and of these probably many are merely synonyms ; but as much time and labour 
would be required to e3uunine them critically, and as their admission does not affect 
their comparative distribution, it has been thought advisable to include them under 
their generally known nances. Future researches will no doubt considerably increase 
the number of true species. 

About 2400 species of plants have been found in the sedimentary deposits of 
the earth's crust. Of these rather more than one-third are peculiar to the Car- 
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bonif eroos rockB, and about one-eighth of them have been found in the ooal-fieldB 
of Great Britain. In this coal-field, notwithstanding the great number of aped- 
mens that have been collected and examined, only about 180 species have been 
recorded. These have been coUected chiefly from the shales corering the three 
most important coal-seams of the Tyne district, Tiz. : — ^The High-Main, Bensham, 
and Low-Main. Very few fossil plants from the lower coal-seams, or from the 
Millstone-grit and Mountain-limestone series, haye been collected or recorded, 
although their remains are very generally distributed through many of the beds of 
both these series. The species included in this list are generally supposed to belong 
to the following classes, yiz. : — 

Filioes, Ihrm 49 

Calamarisa, Ma/re^t taili 19 

Selaginea, Cluh mouei 46 

ConifersB, I%r tribe ... J. 7 

Planted inoert»6edis,^Am&^2i|^{f»<ty 11 

182 

It will be seen at a glance that, with the exception of a few Gonif ens, these 
all belong to the highest forms of cryptogamic plants. Excepting a few traces of 
Ihmj^f none of the more humble forms of yegetation haye been recognized in this 
district, and only a few, comparatiyely, in other parts of the world. But may we 
not expect that future and more careful researches, and other methods of disooyery, 
will reyeal to us the at present concealed remains of the more lowly tribes of the 
ciyptogamite, whose readily decomposing forms may haye had considerable influence 
in forming many of the yarious beds of coal ? At least it seems safe to infer, that 
where so many gigantic and extraordinary forms of the higher cryptogamic plants 
grew and reyelled, their more lowly brethren would not be entirely absent, and 
if they were present, their disooyery is a desideratum greatly to be desired. 

The animal remains hitherto detected in this district consist of a few speciee 
of freshwater Mollusca, Uhionida, and one marine shell, Lingula mytHMu; 
Annulose animals, MUomoitraoa; and the burrows of Crustaceans or of Insects, 
haye also been obeeryed, though the remains of the agents themselyes haye not 
yet come to light. Numerous remains of large sauroidal A&hea also occur. Those 
quoted in this list haye been collected chiefly by Mr. Atthey, from the neighbour- 
hood of Cramlington and Seaton Delayal, out of a bed of black shale resting on the 
liOw Main-seam. Most of these haye been identified by Mr. Eirkby and Mr. Atthey. 

The plants from the lower seams are on the authority of Mr. J. B. Simpson of 
Byton, and those from the Mountain-limestone group, on the authority of Mr. Qeo. 
Tate, of Alnwick. 

It is the intention of Messrs. R. Howse and J. Taylor to inyestigate hereafter 
the comparison of the fossils of the English and Foreign Coal-foimations with the 
Northumbrian coal-field, in a more complete manner. 

The references in the following table are to the plates in landley and Button's 
Fossil Flora. 
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TABLE SHOWINO THE BATHYMETRICAL DISTRIBUTION OF ORGANIC 

REMAINS IN THE NORTHUMBRIAN COAL-MEASURES, AND 

THEIR GEOGRAPHICAL RANGE. 
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TABLE OP THE DISTRIBUTION OF OBQANIC REMAINS (CONTIinTBD) 
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TABLE OF THE DI8TBIBUTI0N OP ORGANIC REMAINS 
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No. VI.— BORING. 

The old Bystem of boring, in which, up to a very recent period, scarcely any 
improyement has been effected, may now be said to be superseded by the very 
efficient apparatus of Messrs. Mather and Piatt, Salford Iron Works, Manchester. 

An excellent description of this boring machine is given in a paper on the 
Cleveland Bock Salt, by Mr. Marley, of DaxUngton. 

The diameter of the bore-hole is eighteen inches, and the depth bored to the 
present time is 1806 feet. 

The maximum rate in boring through the New-red-sandstone was 18 feet in thir- 
teen hours, or one foot per hour. 

When at a depth of 1100 feet a rate of three inches per hour was attained. 

This very important improvement will undoubtedly be hereafter extensively 
adopted. The great advantages being, increased speed and accuracy, together with 
the further advantage of the stratum bored through being brought to the surface 
in pieces of three to four inches square ; whereas under the old system, only very 
minute portions could be obtained. 



No. VII.— COAL-CUTTING MACHINE. 

Until within the last few years, no attempt had been made to work ooal other- 
wise than by manual labour. Messrs. Bonesthorpe and Co., of Leeds, and Mr. William 
Jenkins, of Cardiff, have, however, lately applied machinery to the working* of 
coal. In the former case the motive power is produced by compressed air conveyed 
in pipes to the locality required ; the engine being either on the surface or in the 
mine. 

In the coal-cutting apparatus of Mr. Jenkins, the motive power is obtained by 
means of wire ropes attached to an engine. 

This important question is only yet in its infancy, but so far as experiments 
have gone, there is every probability that it wiU succeed in all respects, more 
especially in the low seams of coal ; , which, owing to the great cost of manual 
labour, may at present be said to be practically unworkable. 

We shall thus be enabled to work, profitably, seams of ooal varying from one 
foot six inches to two feet in height, or even lower, and thus vastly prolong the 
duration of the coal-field. These seams having been excluded as unworkable in 
the calculations hitherto made of the duration of coal. 

Another great advantage will be, that a much larger quantity of saleable 
round coal will be produced, the tendency of which is to cheapen the cost of 
working, and also, by preventing waste, to prolong the duration of the coal-fi^d. 

Messrs. Donesthorpe and Co.*s coal-cutting machine is now in operation at 
Hetton Colliery, the results hitherto are reported as favourable. 



No. VIII.— WASHING OF SMALL COALS. 

Mr. J. Morrison, a large iron master, of Sunderland, in conjunction with two 
French gentlemen, invented a process for purifying small coals, by washing out the 
impurities with which they are mixed. 



Coal Washing apparatus. 

SouiJv T^me CoCbLery. 



Scale 4 Feet to \ an Inch.. 











» 




A.Z. 




M--3. 


1 ^ 

^.3 




/ 


— > — 




1 




%Sk 


1 J.a. 


J' 

/ 






• 







r 



A Bm« loo. Jlrvsu* 



67 

ThiB operation is merely mechanical, and has been of the greatest importance 
to the northern coalowners^ in enabling them to make into good saleable coke 
the large quantities of small and duff coals, which had formerly been burnt to 
waste, and thereby saving a rery considerable annual amount of money. 

Mr. Morrison's invention is in operation at Coxhoe, in Lancashire, &c., and it 
is admirably adapted to the purpose in view. 

The coals are raised by means of the buckets on the endless chains (see plan), 
and precipitated into the basket ; when the agitators force through the mass of coals 
a stream of water sufficient to precipitate the coals (by reason of their lightness, 
and their near approach to the same specific gravity as water) over the spout into 
the wagon ; whilst the pyrites and heavier articles sink to the bottom, and are let 
ofE by a valve for the purpose. 

The cost of washing a ton of coals is about three-halfpence. 

The per centage of loss depends on the purity or otherwise of the coals, and on 
their iUe, Duff, for example, of the Button seam, loses about 22 per cent. ; pea, 
small, and duff, 18 ; and rough small, about 14 per cent. 

Another very simple mode of washing the impurities out of small coals, which 
has only recently come into operation, is at work at South Tyne Colliery, Halt* 
whistle, under the direction of Mr. John Butherf ord. 

The apparatus consists of an Arrangement of boxes or troughs, into the upper 
series of which (see plan), A 1, A 2, and A 8, the water for washing is conducted by 
a pipe, P. At the end of A 8 is a small screen, formed of | inch round iron rod, 
placed about ) of an inch apart : immediately below this screen, another series of 
troughs, B 1, B 3, and B 8, is similarly arranged, terminating with a perforated cine 
plate placed in a sloping position like the screen in the upper series. 

The upper troughs are 2 feet 4 inches wide, and 18 inches deep : the lower ones 
are 2 feet 6 inches, and 6 inches deep. 

At 0, d, and e, are grooves into which slips of wood are placed, one above 
another, at different stages of the washing ; these partially check the current of 
water, and assist in collecting the stones, pyrites, &c., &c. 

W is the wagon- way, by which the coal is brought to the washer. 

It will be observed that the pipe is bent so, that the water pours affa4nit the 
end of the trough ; we find this to act better than when in the contrary direction* 
The mode of working will, we think, be apparent. A boy shovels the coal into the 
trough, and a man with a rake spreads it, and keeps it under the action of the 
current. 

The water that passes through the screen carries a good deal of smaller coal 
with it. This induced us to erect the lower series of troughs, along which it is 
oc^ducted, and finally passed over the perforated zinc plate. 

The velocity of the current is regulated, when required, by raising or lowering 
the troughs, their arrangement being such, that this is very easily effected. At pre- 
sent the difference of level, between the pipe and the screen, is about two feet. 

With this apparatus a man and a boy can wash three wagons of coal per hour. 
Previous to adopting this improved apparatus, the washing was done in a rough 
trough, about 25 feet long. 
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No. IX.— WASTE HEAT OP COKE OVENS. 

Many efforts have at yarioas times been made to utilize the waste heat from 
coke oyens by applying it to steam boilers and other like purposes, but almost in 
eyery instance it has been found that obstructions which intercept the heat and 
preyent the free exit of the gases from the coke oyen, haye proyed so injurious to 
the quality of the coke, that no saying arising from the application of the waste 
heat to those purposes will compensate for the damage done to the coke. 

In making coke it is essential that no obstruction should be offered to the free 
passage of the gases from the oyen, as they arise from the coal. They should be 
allowed to rise freely in the oyen, and to mingle with the atmospheric air in such 
proportions as will generate the greatest amount of heat. The coking process will 
thus be carried on with rapidity, producing a bright, hard, and dense coke, free 
from yolatile matter. The admission of the atmospheric air amongst the gases in 
the coke oyen can only be regulated by the judgment of the coke burner, whose 
object will always be to generate the maximum amount of heat by the best possible 
combustion, and to ayoid, at the same time, the admission of more cold air into 
the oyen than is necessary for that purpose. 

The process of coking may be retarded by a yery trifling interruption to the 
exit of the gases from the oyen. When this occurs the coal is found to be imper- 
fectly coked near the bottom of the oyen, and the coke is thereby seriously depre- 
ciated in yalue. Any attempts to utilize the waste heat, which render the coke of 
this inferior description, wHl be found to be commercially yalueless. 

This subject has receiyed considerable attention at Pease^s West Colliery during 
the past fiye years, and after mature consideration a plan was designed for conyeying 
the waste heat through a series of flues beneath the floor of the coke oyen. The 
reasons which led to this mode of coking were these : — 

It was known that the coal ought to produce, according to chemical analysis, 
72 per cent, of coke. This, of course, is the quantity of coke that can be obtained 
by perfect appliances, and on a small scale. 

But the coal when coked in the ordinary beehiye-shaped oyen yielded only about 
68 per cent, of coke. 

This serious waste is caused mainly by the difficulty of coking the bottom por- 
tion of the coal. The gases during the last twenty-four hours of the process, arise 
in such small quantities that they neither protect the surface of the coke from 
contact with the atmospheric air, nor generate heat sufficient to complete the coking 
operation. And hence the upper section of coke is consumed in the oyen, in order 
that the bottom section of coal may be properly coked. 

That the waste indicated aboye does occur in this manner, may be demonstrated 
by carefully collecting the quantity of ash and clinker that is found deposited on 
the surface of the coke when it is ready to be drawn out of the oyen. By reckoning 
one hundred parts of coke wasted to seyen parts of the ash and clinker, a result 
nearly approaching a waste of twelye to fourteen per cent, will be arriyed at» 

To preyent this waste as far as possible, the plan of constructing oyens with 
flues beneath the floor was adopted, and after a trial of them, extending oyer three 
years, it is found that the yield of coke is raised from fifty-eight per cent, to about 



69 

uxtj-nine per cent. The watte lie*t, m it paesee thiongb tbe ffnes, is absorbed by 
ibe bottom sectioD of coal ; it penetrates through tbe brickwork that f ormB the 
bottom of the OTe% and cokes the coal upwards to the extent of about fourteen 
inches. The time required for coking the coal is also much less in this description 
of OTen than in the ordinary oren : six tons of coals can be coked in forty-eight 
hours, whilst in the ordinary oven it requires at least serenty-two hours to coke the 
same quantity. It will, therefore, be apparent, that a saTing of capital in erecting 
a coking establishment is effected, and at the same time, seyeral of the current 
expenses of mannfactnring the coke are diminished by baring a more compact 
establishment, occupying little more than half the usual area. 

The questioD may be asked, " Can the waste heat firom coke orens be still further 
utilized?" 

It is quite possible that this may, in some instances, be aceomplished, but the 
difficulty to be apprehended is, that the Tessel or object that is intended to absorb 
the waste heat will be found to obstruct the firee and rapid exit and combustion of 
tfafS gases, thereby producing injurious results to the quality of the coke. 



No. X.— AMMONIA GENERATED IN MAKING COKE. 

The experiments of analytical chemists show that coal contains about 1*5 per 
cent, of ammonia. 

Several experiments were made at Feasors West CoUieiy, in the summer of 1860. 
with a Tiew to collect the ammonia from the gases as they were drir A off from the 
coal by the heat of the coke oyen. The results afforded no promise of ultimate 
success, and were therefore abandoned. 

The chief difficulty arose from haying to distil the coal in the coke oyen at a 
low temperature, in order to preyent the ammonia from being yolatilized through 
the ignition of the hydrogen gas. After continuing the distillation in this maimer 
for about twelye or fourteen hours, it was found that but a yery small quantity of 
ammonia — ^a mere trace — ^had been obtained, whilst the oyen had lost a great portion 
of the heat that was necessary for conyertlng the coal into coke. It was found, 
moreoyer, that but a yery thin layer of coal had yielded any ammonia, and that the 
heat that was requisite to penetrate any considerable portion of coal, so as to make 
it giye off its anmionia, was such as to completely yoUtilise it as it rose to the 
surface of the coal in the oyen. When yolatilixed, of course, it escaped the means 
that were deyised for collecting it. 

It may, therefore, be assumed that the ammonia that escapes from coal in the 
process of coking, cannot be collected with any commercial advantage in conjunction 
with the present method of manufacturing coke. 

The foregoing statements are communicated by J. W. Pease, Esq., Darlington. 



In 1848, Mr. W. Wilkinson, of Jarrow, took out a patent for *' certain improye- 
ments in the construction of coke oyens, and in the machinery or apparatus to be 
connected therewith." 

I* 
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Mr. Wilkinson deecribes his inyention as consisting of — 

First. — ImproTements in the construction of coke ovens, whereby the supply ci 
air, necessary for the proper charring of the coal, is distributed, in a more 
equable manner than heretofore, over and through the incandescent mass, 
and thus increases the yield obtained from a given quantity of coal, and 
improves the quality of the coke produced. 
Second. — In the application of machinery to the working of coke ovens, by 

which means a saving is effected in manual labour. 
Third. — In the means of applying the heat dissipated during the carbonization 

of the coal to the evaporation of saline solutions. 
In 1860, Mr. Thomas Ramsay, of Blaydon, took out a patent for certain improve- 
ments in making coke, the principle of which is, to grind the coal to a powder ; and 
it is found, under proper arrangements, that a very compact dense coke is the result. 
This is especially valuable, and adapted to the smelting of iron ores. 
It may be Inferred from the preceding, that the duff of coal, if properly freed 
from impurity, would form the best coke. Owing, however, to defects in the modes 
of burning, or to other circumstances, this question is still doubtful. 
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I. LOWTHIAN BELL. 



Therb is probably no district where the manufacture of iron is carried 
on which presents more features of interest, and embraces within its 
range greater variety, than that which is worked in connection with the 
coal-field of Northumberland and Durham. Notwithstanding this, the 
iron metallurgy of the North, which it will be the province of this paper 
to explain, owes none of its importance to the existence of any of the 
ores of iron being found in those measures which belong more imme- 
diately to its coal formation. In Scotland, Staffordshire, and South 
Wales, the shales of the Goal-measures contain bands and nodules of 
ironstone in sufficient quantity to supply immense works, established in 
these localities, for smelting iron. The coal-field of the North of England, 
on the contrary, extensive and productive in mineral fiiel as are its strata, 
is singularly deficient in those ores of iron which distinguish many other 
carboniferous districts. An explanation, then, of the prominent position 
occupied, as a seat of the iron trade, by the locality under consideration, 
must be looked for in another direction, and a very brief mental survey 
of the geology of the adjoining country will furnish the necessary infor- 
mation. Starting from the coal-field itself, which, as containing the fiiel 
required for smelting, may be considered as the keystone to the whole, 
we arrive within no great distance at strata which abundantly compensate 
for ^at poverty in ironstone already spoken of as inherent to our Goal- 
measures themselves. 

The district known as the Newcastle and Durham coal-field contains 
an area of something like 700 square miles, and in shape may be roughly 
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considered as an isosceles triangle^ having its apex coincident with the 
coast line at Warkworth. As the sea principally forms its eastern barrier, 
our observations are necessarily almost exclusively confined to those 
formations bounding it on the west and south. In the former direction, 
i.e. towards the west, a narrow strip, having a width of four or five miles, 
of the Millstone Grit, rising up firom under the coal formation, separates 
this latter from an extensive tract of country, of which the Mountain- 
limestone is the prevailing rock. From the south-west corner of oar 
coal-field, and separated from it by a great expansion of the Millstone 
Grit, accompanied by Mountain-limestone, we pass over a thin wedge of 
the Old-red-sandstone and enter upon the new red, to the west of which 
the Carboniferous-limestone again appears as a long, narrow, and curve- 
shaped district, extending from Penrith to Whitehaven, and of importance 
in describing our subject. On the south, and skirting the coal-field on 
the south-east, we have the Magnesian-limestone some half-dozen miles 
in width. Beyond it, forming for some distance the valley of the Tees, 
is the New-red-sandstone, separating, by an interval of twenty miles, our 
collieries frt)m those hills of Lias in Yorkshire, the ore of which will 
occupy the greater portion of the subject of this paper. 

We will now briefly allude to the position of the minerals which 
constituted the sources whence our fiirnaces in former times were supplied, 
adding a few remarks on their practical application ; and then consider 
those means which at the present day furnish our greatly-extended iron 
works with that immense quantity of raw materials which their increased 
capacity demands. 

We may pass over, without further notice at the present moment, both 
the immense beds of coal, of the purest kind, in this northern coal-field, 
and the inexhaustible supplies of lime frirnished by the extensive tracts 
of Mountain and Magnesian-limestone previously alluded to. We shall, 
therefore, at once proceed to name the different combinations in which 
ironstone is found in the various strata of the measures already referred 
to, reserving any further remarks when we come to speak of the compo- 
sition and nature of the minerals generally. 

IRONSTONE OF THE COAL MEASURES. 

Many of the numerous beds of shale associated with the coal formatioii 
in this neighbourhood contain, interspersed in their thickness, nodules of 
ironstone, but these have rarely been sufficiently abundant to lead to their 
being worked for smelting purposes. 

Above the seam of coal known on the Wear as the High Main, and 



75 

separated from it by a distanoe of eighteen indies, is a continuous band 
of this ore. It is four and a half inches thick, and was formerly wrought 
on Waldridge Fell for the Whitehill Iron Works, and subsequently at 
TJrpeth and its vicinity, for the furnaces at Birtley. Another thinner 
band, only two inches in thickness, formed the roof of the Huttom seam, 
near Birtley. From the &ct that both these were extracted by simply 
bringing down the roof of the old coal workings, it was expected to 
supply the furnaces there at a very cheap rate, and this might have been 
so had the quantity per acre been larger. As it was, the ironmasters 
had to seek far and wide for supplies, and, in consequence, the cost of 
stone was ruinously high. The present partners in the Birtley Works 
have kindly placed in the writer's hands their cost-book, and from it^ 
after the furnaces had been in operation four or five years, the following 
results are taken : — 

&OBaloB« owd Dcr Ton. Coit on Ton of Iron. 

Cwta. Qn.Lta. 1 •. d. 

1885 65 19 2 18 1| 

1886 67 1 5 1 17 6) 

1887 71 27 2 7 8} 

1838 67 17 2 2 8| 

From their furnace books this appears to have represented the calcined 
weight, and hence the yield of the raw stone must have been from 26 per 
cent, gradually &lling to 22. At this time hot blast was in use at the 
Birtley Works, the system having been introdaced there about 1831. 
Mr. George Clayton Atkinson, a partner of the Tyne Iron Company, has 
obligingly given the following as their consumption for the year 1812, 
using stone of a similar kind to that described above ; indeed, a consi- 
derable quantity was purchased from the owners of the Birtley Iron 
Works, previous to the erection of the establishment at that place. The 
quantity used was 8772 tons, which cost on an average 16s. Id. per ton. 
During that year they produced 2647 tons 18 cwts. of iron, and, in 
addition to the above-mentioned ironstone, there were consumed 284 tons 
of hematite. If the small quantity of this latter ore is assumed to give 
50 per cent, the yield of the clay ironstone would be something above 
27 per cent The difference in the produce may have arisen from less 
perfect freedom from adhering shale in the Birtley furnace workings — a 
supposition corroborated by the increased consumption there to the ton 
of iron in later years, when failing supplies would prevent proper 
^' weathering" of the ironstone. In 1812, the ironstone per ton of iron 
cost the Tyne Iron Company £2 18s. lOd. 
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Near Wylam, according to Mr. Benjamin Thompson^ who erected the 
works at that place^ a mine was opened in 1836^ out of which^ from a 
section of 4 feet^ four bands^ measuring together 10^ inches^ were 
obtained. This cost, it was stated, 7s. 6d. per ton of 22^ cwts., and 
yielded 80 per cent, of iron. Another working supplied nodules, having 
a per centage of 35 to 87, and costing lis. 6d. per ton. The united 
produce, however, of both did not suffice to supply 150 tons weekly, and 
these mines were speedily abandoned when a less precarious mode of 
obtaining ironstone offered itself, although the cost of the latter would, 
at the period of its first introduction, have not been less than £2 on the 
ton of iron. 

At Shotley Bridge, on the western edge of our coal-field, and conse- 
quently low down in the series, is a deposit of ironstone, which has been 
far more extensively worked than any other seams found in our Coal- 
measures. According to a description by the late Mr. William Cargill, 
in a working having a section of about 7 feet in height, 12 to 15 inches 
of stone were obtained from six or seven bands. The ironstone from it 
cost 7s. to 8s. per ton. At a depth of 4} fathoms below it, and lying 
above 20 inches of coal, is a bed of shale about 3 feet thick, containing 
6 to 7 inches of ironstone. The total yield of both seams, contained in 
an acre of ground, Mr. Cargill estimated at 5324 tons. In later years, 
however, according to a detailed report communicated by Mr. Edward 
T. Boyd, the average produce of the first-mentioned seam, ''The Ten 
Band," as it was called, at that time was 8 inches of ironstone in a 
working 5 feet 9 inches high, and in the other bed his section gives — 

Ft la. Ft In. 

Good coal 1 6 

Splint ditto 7 

2 1 

Ironstone 4) 

Shale 8 6 

3 101 

6 111 
For a limited supply, the quantity of ironstone found in this neighbour- 
hood might have sufficed; but an immense work having been erected 
upon it, comprising 14 blast furnaces, serious inroads were soon made 
on its resources. From information formerly received, it would not 
appear, whatever might be the richness of clean stone, that its yield, as 
delivered to the furnaces, exceeded 26 per cent. The cost on a ton of 
iron, for ironstone, at Shotley was 25s. to SOs., which compelled the 
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owners of this establishment to look to another district for their supplies^ 
so that at the present time every pit on their royalties is laid in. 

A small quantity of ironstone continues to be extracted from a land- 
sale colliery at Hedley, which is smelted at Wylam, and, as the writer 
believes, some is still worked by the Weardale Iron Company near Tow 
Law. In a general sense, however, it may be assumed that ironstone of 
the coal iormatlon of the North of England forms no element, at the 
present day, in the consumption of the blast furnaces of that district. 

THE IRON ORES OP THE MOUNTAIN LIMESTONE. 

Following the order of our description of the geology of the country, 
the deposits of ironstone connected with the mountain limestone next 
demand notice. In this series there occurs a bed of shale 30 feet in 
thickness, in the whole of which considerable quantities of nodules of 
ironstone are interspersed. The late Mr. Thomas J. Taylor, in evidence 
on the Border Counties Railway Bill before a Parliamentary Committee, 
in 1854, stated this shale bed to contain 9680 tons of ironstone to the 
acre, of which he assumed practically 6000 could be obtained. Its cost 
he stated to be 6s. 6d. to 7s. per ton, and its yield such as would require 
8^ tons of stone to produce one ton of iron, equal to 30*5 per cent. 
Mr. Benjamin Thompson, who worked this bed at Hareshaw, informs the 
writer that 8470 tons of ironstone per acre was its contents, and of this 
the lowest 6 feet contained two-sevenths of the whole. Allowing one- 
third for loss, he considered 5647 tons as the practical produce of an 
acre. Its yield he gives as 33 per cent, and its cost 9s. per ton of 23} 
cwts., equal to 8s. per ton of 20 cwts. At Redesdale, from data possessed 
by the writer, the cost of ironstone for a ton of iron was 29s. 3d. This 
deposit has been somewhat extensively wrought at Hareshaw and Redes- 
dale, as well as attempted at other places. In all these localities, 
however, the workings have been discontinued. 

At Chesterwood, about two miles from Haydon Bridge, there was 
opened out, some years ago, a seam of what in some measure resembled 
the famous '* black baud ironstone " of Scotland, containing, however, 
much more coal than the celebrated ore of this name. It varied, 
according to Mr Bigland, who worked it, from three to four feet in 
thickness. The raw stone contained 20 to 25 per cent of iron ; but 
instead of two tons of raw mineral producing one ton of calcined, as in 
the case of Scotland, three tons were required at Chesterwood ; so that 
the richness of the calcined stone was about the same^ viz., 60 per cent. 
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Mr. Bigland states that for sereral years thej obtained 20^000 to 25,000 
toBs of the raw stone, until the bed was exhausted in that locality in 
1855, after less than ten years' working. The deposit bas been traced 
to other places, but in each case it is thin and poor in metal. 

In Alston Moor many of the mineral veins traversing the mountain 
limestone contain a considerable quantity of a hydrated peroxide of iron, 
as well as amorphous carbonate of iron. A bed of the latter, lying on 
the suriiEUie, but of very limited extent, was worked by the writer's firm 
at Nenthead, and smelted at Wylam. The iron produced irom it, as 
well as from other carbonates and oxides from the same district, was of 
excellent quality j but unfortunately the supplies were too uncertain and 
too costly. The ore in the veins themselves at one time was tolerably 
pure carbonate, yielding perhaps 30 per cent or more of iron ; but it 
gradually passed into carbonate of lime, from which it was with difficulty 
distinguished. At the present day, only a small quantity is worked at 
Alston. On the other hand, at Weardale the veins contain so much 
carbonate and oxide of iron that furnaces have been erected at Tow Law, 
by Messrs. Attwood and Baring, for their reduction. 

The small district of mountain. limestone spoken of as stretching from 
Penrith to Whitehaven, contains very large quantities of most valuable 
red hematite, containing 60 per cent, and upwards of iron. It is sold at 
Whitehaven at about 10s. per ton. Its position is uncertain, in a mining 
point of view, occurring in detatched masses of varied thickness. This 
locality, as well as that near Ulverstone, of a similar character, is of 
importance in connection with the northern coal-field, inasmuch as con- 
siderable quantities of the hematite ore are brought over to the east coast 
as a mixture with our own ironstone ; while, to the frimaces smelting 
the produce of the Whitehaven mineral field, coke fit>m our side is 
conveyed. 

IRON ORES OF THE LIAS FORMATION. 

The lias rocks of Yorkshire constitute by far the most important 
source frt)m which the needfiil supplies for our furnaces are derived. 
The seams of ironstone belonging to this formation crop out on a consi- 
derable extent of the coast line of the shale beds, which, in addition 
contain large balls of the same ore. In rocks so liable to disintegration 
from atmospheric influence, these have fallen away, and, in consequence, 
considerable quantities of ironstone, freed firom the adhering shale, are to 
be found on the beach as rounded pebbles, and even as masses of rock. 
In modem times, the ore so separated firom its parent bed attracted the 
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attention of those ironmasters who had commenced smelting the ironstone 
of the coal-field. Mr. Joseph Cookson, in a very interesting document 
drawn up for the writer, mentions that, for the Whitehill iiirnace, built 
in 1745, and abandoned before the end of last century, ironstone was 
gathered in Robin Hood's Bay, and conveyed by water to Picktree, on 
the Wear, near Ghester-le-Street, and carted from that place to the 
works. Soon after the year 1800, the Tyne Iron Company obtained 
ironstone in a similar way from the beach between Scarborough and 
Saltbum; and, according to Bewick, in his work on the Clereland 
Ironstone, that firm commenced, between the years 1815 and 1820, to 
tear up the stone firom its bed at different parts of the coast. The 
exposed character of the Yorkshire shores, and want of shelter, rendered 
the conveyance of ironstone to the Newcastle furnaces a task of great 
difficulty and of some danger; and it was, therefore, not until the stratum 
furnishing it was discovered inland, on a line of railway at that time 
recently opened, that any large quantity of this lias ironstone was con- 
signed to the ironmasters of the Tyne. It is stated that the discovery 
of this bed is due to a Mr. Wilson, then a partner in the Tyne Iron 
Company's Works, who pointed out its position at Grosmont, about five 
miles from Whitby, in 1836. The seam being 4| feet thick, was cheaply 
worked, sent down the railway, and shipped at all seasons for the Tyne, 
where it would, at that time, cost about 9s. per ton. It is probable 
that, ultimately, as much as 80,000 to 100,000 tons of it were annually 
smelted in the north country furnaces. 

Much surprise has been expressed at the time which elapsed between 
this discovery in 1836, and the period when the importance of the bed 
of ironstone became so immensely increased by the large quantity of ore 
extracted from mines opened in it since 1850. This is not so difficult of 
explanation as might at first appear. The Whitby ironstone, as it was 
then generally called, was known over a distance of coast not far short 
of ten miles, and its character to the west, five miles inland, had been 
also sufficiently explored. Over the whole of this area its jrield of metal 
had been uniform, viz., about 25 per cent. No doubt the owners of the 
blast furnaces, which had been built on the Tyne for smelting local ores, 
were too glad to obtain a cheaper stono elsewhere, particularly when hot 
blast increased the consumption of their furnaces, already indiffierently 
supplied, and competition with Scotland ran down the price of iron. 
Whitby harbour, for these firms, was more convenient than the Tees, 
because vessels coming down in ballast more easily ran into the former 
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than up the somewhat intricate navigation of the river, and there was no 
reason to suppose that a seam of ironstone, which had so uniformly 
maintained a low per centage over fifteen miles of country, should, in 
this respect, as well as in others, change so rapidly in the next dozen 
miles. That the introduction of the stone from Whitby did not confer 
any great advantage on the Tyne smelters is proved by the fact that, for 
fourteen years after its discovery, only two furnaces, and those built 
under somewhat peculiar circumstances, were added to the five in blast 
previous to the importation of this ore. The fact was that, with the 
exception of one or two years, the Tyne never could compete in selling 
" mine" iron against the market price of the Glasgow makers. No 
practical man, therefore, was likely to be led into the expenditure of 
capital by a year or two's prosperity, with the knowledge of the supe- 
riority conferred on his Scotch competitors by their fields of black band. 
Between the years 1840 and 1850, the cost of ironstone on the ton of 
iron was never, at the Birtley Iron Company's Works, less than 26s. 8d., 
and this only when the trade was in an exceedingly depressed condition ; 
80s., and as high as 34s., was the more ordinary figure. The average 
selling price of iron at Glasgow, over eleven years was within 6d. of the 
cost at the Birtley Iron Works, and to obtain tliis the owners must have 
charged the coal from their own pits at less than 2s. per ton laid down 
at the furnaces. During five years of the eleven, iron was cheaper at 
Glasgow than the cost at Birtley, even with the coal supplied at Is. 6d., 
or thereabouts, per ton. In 1845, both the owners of the Walker and 
of the Tyne Iron Works sought to mend their position, by looking for 
royalties of black band in Scotland, and, in consequence, there was brought 
for some time a considerable quantity of that mineral to the river Tyne. 

Matters were in this state when Messrs. Bolckow and Vaughan, who, 
in 1840, had built a rolling mill at Middlesbrough, added, at Witton Park, 
in 1846, the process of smelting to their operations. They were induced 
to do so by an offer of ironstone to be supplied from the coal-field near 
Bishop Auckland. In these expectations, as had happened to their 
colleagues on the Tyne, they were disappointed, and like them, they had 
recourse to Whitby. In one respect, however, their position differed 
firom that of the ironmasters further north. In a voyage of fifly miles, 
ten miles more or less is a small sacrifice compared with securing a good 
harbour, but where the ironstone measures were known to run close to 
the mouth of the river upon which the works were placed, it was obviously 
a matter of importance to draw the supplies of ore, or as much of it as 
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could be obtained, from the nearest point. Examination of large detached 
masses which had fallen from the cliff led Messrs. Bolckow and Yaughan 
to Skinningrove on the coast, at which place, to their surprise, they found 
tbe bed had thickened out from 4} feet to nearly 14}, and instead of 25 
per cent, of iron, it contained 31. So far was accident; but that firm 
experiencing the usual inconvenience arising from an exposed place of 
shipment, sought for, and found in 1850, the position of the ironstone 
inland. It is not pretended that the merit of original discovery belongs 
to Messrs. Bolckow and Yaughan in reference to this extraordinary 
deposit of ore. On the contrary, Mr. Jackson, the father of the present 
owner of Normanby Hall, sent, in 1811, two wagons of it to the Tyne 
Iron Works. Mr. Bewick, senior, was also, a year or two before its 
position inland was recognised by Messrs. Bolckow and Yaughan, aware 
of its existence near Guisbro*. Indeed, so early as 1839, a Mr. Neasham 
had despatched an entire cargo to the Devon Iron Works at Alloa, in 
Scotland, at which establishment it met with an indifferent reception, 
being tipped over the rubbish- heap very soon after its arrival. In the 
minds of none of these gentlemen, however, did the mineral excite that 
confidence in its value which the subsequent labours of the Middlesbrough 
firm ascertained it possessed, and to whom undoubtedly is, therefore, due 
the merit of having introduced it to the immensely important place it now 
occupies. The lias rocks contain other beds of ironstone, to which refer- 
ence will be hereafter made, when the composition of the Main Cleveland 
seam, and its use as an ore of iron are spoken of. 

We have thus seen that in a district embraced within the four counties 
of Northumberland, Durham, Cumberland, and Yorkshire, the coal for- 
mation contains the usual clay ironstone ; the mountain limestone has 
furnished to a limited extent some black band and nodules of ironstone, 
and is now affording spathose ore and brown hydrated peroxide of iron, 
as well as very large quantities of the finest red hematite ; lastly, in the 
lias beds of Yorkshire there are found inexhaustible deposits of an argil- 
laceous ore. Besides all these, and profiting by the return of light 
colliers, some small quantities of other ores, both foreign and British, are 
conveyed to the Tyne, but not to an extent to render them worthy of 
more especial notice. The composition of the various minerals now in 
use will be given when the subject of their metallurgical application 
comes, in its proper place, to occupy our attention. 
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HISTOBICAL ACCOUNT OF THE MANUFACTURE OF lEON IN THE 
NORTH OF ENGLAND. 

It is now proposed to show in what order, and in what manner, the 
various ores of iron, met with in the different geological measures in the 
North of England, have been made available in a metallurgical point of 
view. 

Before entering on this part of his task, the writer would take the 
opportunity of expressing his acknowledgments to Mr. Hodgson Hinde, to 
whose antiquarian researches he owes some valuable information respect- 
ing the eailier production of iron in the North of England. 

Notwithstanding the varied character of the different ores of the district 
under review, and the want of indication of metallic contents of some, the 
property that even these have of "nisting" on exposure to air and 
moisture appears to have made known the existence of all at a very early 
period of our history. The labours of Hodgson, Wallis, and others, leave 
little or no doubt that the smelting or reduction of iron ore was carried 
on to a considerable extent in this part of the country during its occupa- 
tion by the Romans. Vast heaps of iron scoriae may be seen on the 
moors in the parishes of Lanchester and Chester-le- Street, in the county 
of Durham, and in the valleys of the Reed and the Tyne, on the moun- 
tain limestone, in Northumberland. It is remarkable that none of these 
are very remote from one or other of the Roman stations which are scat- 
tered over these two counties. The same observations respecting an early 
use are, to some extent, applicable to the lias ironstone, and no doubt 
proper investigation would indicate a similar state of things wherever iron 
ores were near the surface, and the state of society required the metal 
they contained. That furnaces, or '' bloomeries," were continued or re- 
established in some of the same situations, is ppoved by an inquisition of 
the death of Gilbert d'Umfraville, Lord of Redesdale. In the catalogue 
of his possessions, a.d. 1245, there are mentioned, "forgiae quoereddunt 
ferrum, quod reddit per annum iiij 1 ijs;** and that iron works existed in 
the county of Durham in the early part of the 17th century appears from 
a curious tract written in 1629, entitled '^ A Relation of some Abuses 
committed against the Commonwealth, composed especially for the 
county of Durham." The author, who signs his initials *^ A. L.," instances 
as the first abuse the great destruction of timber, chiefly for the sake of 
bark for the tanneries, but in one instance, at least, for smelting opera- 
tions. He says, '^ There is one man, whose dwelling-place is within 
twenty miles of the city of Durham, who has brought to the ground (to 
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omit all underwood) above 30,000 oaks in his lifetime, and (if he live 
long" enough) it is doubced that he will leave so much timber in the whole 
county as will repair one of our churches if it should fall, his iron and 
lead works do so fast consume the same." 

Hitherto, of course, all these smelting operations have reference to 
the small bloomery or hearth in which, with a little ore and some charcoal 
blown by the wind in exposed situations, or subsequently by rude bel- 
lows, a " bloom" of malleable iron was obtained.* 

The German colony of ironworkers at Shotley Bridge established 
themselves at that place in the reign of William III. At some time or 
another afterwards a small high -blast furnace, five or six feet in the 
boshes, was erected there, the remains of which, according to information 
received, are still visible. Wallis, in his History of Northumberland, 
published in 1769, mentions an iron work which existed some years 
previously at Lee Hall, near Bellingham, under the management of a 
Mr. Wood, " who made a good deal of bar iron, but charcoal becoming 
scarce, he removed to Lancashire, where he attempted (unsuccessfully) to 
make it with pit coal." Although bar iron only is mentioned, there is 
no doubt, from the remains still existing, that Wood also produced pig 
iron. Charcoal iron was also smelted from some of the bands of clay 
ironstone at Bedlington, where the old calcining kilns are still visible, 
or were so until very recently. No iron, however, has, as far as can be 
ascertained^ been made there for more than a 100 years. 

The inroads which iron smelting, together with other metallurgical 
opemtions, Ac, had made upon the forests were such that, ii the reign 
of Queen Elizabeth four Acts of Parliament were passed to restrict the 
consumption of timber, especially when applied to the manufacture of 
iron. To supply the deficiency thus occasioned, schemes were proposed 
so early as 1612, by Sturtevant, and subsequently, in 1631, by Dud 
Dudley, for smelting iron with pit coal. The unsuitability, however, of 
the arrangements in use for smelting with charcoal, when applied to 

♦ This simple mode of Bmelting, viz., the bloomery, is the one which appears to 
have been universally adopted in the firnt instance for obtaining iron. Captain 
Grant, who has recently returned from his exi)edition to the source of the Nile, 
found the inhabitants of the Land of the Moon gathering small nodules of ironstone 
from the sides of the hills, and smelting them on the bare ground in a charcoal fire. 
The blast was produced by two or four persons working each a small bellows formed 
of wood and goat skins. At the end of the wooden bellows- pipe was a short tube, 
or tuyere, of baked earthenware, which conveyed the compressed air to the fire. 
The bloom resulting from the operation was beaten into a thin bar and then drawn 
out into wire, which was chiefly used for ornamental purposes.— iVi»a^« Letter to 
the Writer from Captain Grant, 
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mineral fuel, in all probability delayed this important amelioration taking 
effect for a 100 years after its first suggestion by Sturtevant. The small 
furnaces and bellows of very limited power, which did very well with 
charcoal, would be litei'ally useless when applied to coal or to coke. 
After various ineffectual attempts by Buck and others, about 1713 the 
Darbys of Staffordshire reduced the application of pit coal to one of 
practical utility in that county. Darby's progress, however, must have 
been slow and his success limited, for the number of blast furnaces in the 
country had, in the meantime, decreased from 300 to 59, so that in 1740 
the make of pig iron in England had fallen to 17,850 tons, from about 
180,000 tons — the chief portion of our requirements being imported from 
Sweden and Russia. To Mr. I. Cookson, who had recently purchased 
the Whitehill estate, near Chester-le-Street, the merit belongs of erecting 
and working the first blast furnace with coked coal in the North of 
England. The Whitehill furnace was 35 feet high, 12 feet across the 
boshes, and produced 26 tons of iron per week. The blast was supplied 
by a bellows, worked by a water wheel placed on Chester Burn. Its 
mode of supply of ironstone was from the thin bands on Waldridge Fell, 
and from Robin Hood's Bay, as has been already mentioned. The coal, 
of course, was obtained from the immediate vicinity. Mr. Joseph Cookson, 
a descendant of the founder of pit coal smelting in this district, has given 
many curious particulars respecting this early attempt. The iron was 
used for colliery castings, and latterly for Government ordnance. Fre- 
quent interruptions, for want of water to drive their wheel, led at length 
to the furnace being '^gobbed," and ultimately abandoned, about the 
close of the last century. 

Whatever advantages, in point of minerals, any district might stand 
possessed of, its power for turning them to profitable account depended 
at that time on the existence of a fall of water sufficient to drive the 
needful blowing apparatus. The discoveries of Watt prevented the want 
of hydraulic power being any longer an impediment, and in a short time 
the obedient steam engine was appointed to supply the necessary blast to 
iron fiirnaces. Notwithstanding the poverty of our coal-field in iron- 
stone, the high price of iron (£8 per ton) and the small quantity of ore 
required for a furnace, when 40 tons of iron was the usual week's make, 
induced the Tyne Iron Company, in 1800, to erect their two furnaces 
and a steam blowing engine at Lemington. An idea of the cost of 
manufacturing pig iron in those days is not without interest, as illus- 
trative of the disadvantages of this coal district as an iron-field. The 
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particulars are kindly fiimished by Mr. G. Clayton Atkinson, one of the 
present members of that firm, so that their correctness may be relied on. 



Ironstone 


... 3*44 tons at 16s. Id. . 


.. £2 15 5 


Hematite ore 


... oil „ 8l8,6d. .. 


.. 


3 6 


Flux (chalk) 


... 1-38 „ 2s. Od. 


... 


... 2 9 


Coke ... 


... 2-40 „ 12s. 5d. 


... 


... 19 9 


Labour, ice. 





... 


... 14 3 



£5 5 6 
These details are of the year 1812, when cold blast alone was 
employed. The make from one furnace was 2547 tons ; equal to 49 tons 
per week. The ironstone, with the exception of 806 tons of ^' beach 
stone/' was all the produce of the thin bands of our coal measures. 

In 1825, pig iron rose in value to the unprecedented |)rice of £12, 
and as a considerable portion of the stone smelted by the Tyne Iron 
Company was the produce of pits at Urpeth and its neighbourhood, 
Messrs. Perkins, Hunt, and Thompson, who were extensively engaged in 
coal mining in that locality, blew in two furnaces in 1830, which they 
had built at Birtley. Their operations, like those of their predecessors 
at Lemington, exhibit, with equal force, the absence of the elements of 
success in our coal-field for the manufacture of iron, even when the fuel 
was supplied to the furnaces at the low rate of 2s. per ton or less. The 
following is copied from their cost-book, and represents the workings for 
two furnaces for 1835, when hot air was used — an improvement intro- 
duced at Birtley in 1831. The make was 4300 tons, or only 42 tons for 
each fiimace per week. The cost per ton of iron was, for — 

Iroifttone £1 18 IJ 

Flux (chalk) 2 7 

Coal (five or six tons probably) 7 0| 

Labour, &c 14 2^ 

Sundries 14 2 

£8 16 1 

In 1838, the furnace at Wylam was put into blast by Messrs. Thomp- 
son Brothers to smelt ironstone, expected to exist in great abundance 
there, as has been already explained. 

We have now arrived at that period in our history of the iron trade 
^hich was followed by a gradual, but, ultimately, an entire change in the 
sources from which the furnaces of this district derived their supplies 
of ironstone. So early as 1836, a cargo of that ore, which in time dis- 
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placed all others at the then existing works on the Tjne, so far as local 
ironstone was concerned, was sent from Grosmont, near Whitby, to 
Birtley. In the year 1833 and up to 1839, pig iron had ranged from 
£4 10s. to as high as £9 per ton in Wales. The demand for iron in this 
neighbourhood was so vastly on the increase, that the ores of the coal 
strata could not meet the growing requirements, and the Whitby stone 
had not inspired much confidence either for economy or quality of the 
iron it produced. In consequence, speculators began to pay attention to 
those deposits of ironstone spoken of as being connected with the moun- 
tain limestone. Redesdale was the place selected by Mr. Stephen Reed, 
Mr. Thomas Hedley, and others, where the stone existed, as has already 
been described, and where coal could be obtained from a seam from 3 to 
2J feet thick, situated in the same geological formation. 

Although pig iron had fallen in 1840 to £3 12s. 6d. at Glasgow, and 
in 1841 was selling at £3 6s. per ton, a second work, to smelt the same 
bed of ironstone with the coal 2J feet thick, lying 70 fathoms below 
the ironstone, was put in blast at Hareshaw; a second furnace was 
subsequently built at Redesdale, and two more at Hareshaw. There is no 
doubt that the iron produced from this bed of ironstone was of a very 
excellent description. Both works, however, were nearly twenty miles 
from a railway, and twenty more from a market, so that their iron cost, 
according to Mr. T. J. Taylor, 12s. per ton for carriage to die consumer. 
After some years of fruitless struggle to meet the competition offered by 
Glasgow, both of these establishments were closed and finally dismantled. 

About 1840, Messrs. Bigge, Cargill, Johnson, and others, who had 
purchased from the projectors of the Redesdale Works that concern, had 
their attention directed to the beds of ironstone described as lying in the 
coal measures near Shotley Bridge. A pair of furnaces were speedily 
erected and set in blast. A larger company was formed, and an immense 
establishment was constructed. Twelve blast furnaces were built, large 
rolling mills and all the necessary mines, mining villages, <fec., followed 
in rapid succession. Until 1860 the furnaces went on devouring the 
minerals found in the neighbourhood at an alarming pace, having in the 
meantime made extensive trials of those from the lead veins of Weardale. 
In 1860, the recent discoveries in Cleveland promised relief from the 
impending famine, and in a very short time, in spite of a distance of about 
fifly miles, the ironstone from that district, with some hematite for a 
mixture, entirely superseded the stone l3'ing adjacent to the furnaces. 

In 1842, Messrs. Losh, Wilson, and Bell, who for fifteen years had 
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been making bar iron, built a blast furnace at Walker for producing forge 
pig by smelting their mill-furnace cinders with Whitby stone, and this 
was followed by a second one in 1844, so that these were the first fur- 
naces ever built expressly for smelting the recently -discovered ironstone 
at Whitby. 

About this period, Mr. Charles Attwood, in concert with Messrs. 
Baring, and Co., of London, purchased a small furnace then recently 
erected at Stanhope by Mr. Cuthbert Rippon, and built five others at Tow 
Law for smelting the " rider ore" (carbonate and oxide) of the lead veins. 
There is no doubt, that owing to the extreme irregularity of this kind of 
material, immense labour and expense were at first incurred, and, as 
regards the quality of the produce, frequently with very unsatisfactory 
results. Better acquaintance, however, with the veins and their contents, 
has enabled that firm now to produce iron of a very high class — so good, 
indeed, as closely to resemble in composition and quality the celebrated 
German '' Spiegel Eisen." For bar iron purposes it bears a high name, 
and has, like its prototype in Germany, been found well adapted for the 
manufacture of the finer kinds of steel, an application, as is well known, 
confined exclusively to the purest descriptions of metal. 

In 1846, Messrs. Bolckow and Vaughan erected the furnaces at 
Witton Park, in the Auckland district, for smelting ironstone expected 
to be obtained in that vicinity. We have already heard how these hopes 
were disappointed, and Whitby resorted to, as it had been by almost 
every furnace owner in the north. 

Although only remotely connected with our subject, it may as well be 
mentioned that a company of gentlemen had erected at Cleator Moor, 
near Whitehaven, a couple of blast-furnaces for smelting the hematite 
iron ore of that district, an example which has been somewhat extensively 
followed since. The iron made is of good quality, and, the ore being 
rich, an immense quantity, as much as 500 tons weekly, or more, is said 
to have been run from one furnace. 

To avoid interrupting the remainder of our subject, .which will here- 
after be confined almost exclusively to the Cleveland stone, mention may 
be made of other trials to render available the bed of ironstone nodules 
of the mountain limestone. This was attempted at Brinkburn, on the 
Coquet, but after a very short trial the works were closed. Another 
experiment was made at Haltwhistle with a similar view, but it also was 
abandoned soon after the erection of the works. 

At Bedlington, two furnaces were constructed to smelt the same bands. 
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formerly used at the charcoal works in that locality, with an admixture 
of Yorkshire stone, mill cinder, and other materials, but these also were 
only a short time in operation. 

We have now arrived at the period when the newly-discovered Cleve- 
land bed of ironstone was about to supersede all other modes of supply of 
this mineral, and tbe present will therefore be a convenient opportunity 
of estimating the position of the iron trade previous to its introduction. 
This will be most readily done by glancing at a list of the furnaces then 
in existence, which were as fpllows : — 

FaznaMt. Proprietor!. No. DcMiipUon of IronttAiie used. 

Lemington Tyne Iron Co 2 Whitby stone, black band, and 

hematite. 

Birtley Birtley Iron Co 2 Whitby stone, &c. 

Wylam Bell Brothers 1 Do, black band, hematite, Jcc. 

Bedesdale Redesdale IronCo.... 2 Nodules from the mountain 

limestone formation. 

Hareshaw Hareshaw Iron Co.... 3 Do. do. 

Shotley Ironworks Derwent Iron Co. ...14 Bands of ironstone from coal 

measures, and hematite. 

Walker Losh, Wilson, & Bell 2 Whitby stone, black band, he- 
matite, &c. 

Towlawjc Stanhope Weardale Iron Co. ... 6 "Rider ore" from lead veins, 

and a portion from coal 
measures. 

Bedlington Longridge & Co 2 Whitby ironstone, and a portion 

from coal measures. 

Witton Park Bolckow & Vaughan 4 Do. do. 

Total 38 Furnaces 

The entire make of all the furnaces would never exceed 150,000 tons 
per annum during the period under consideration. 

We have now (i.e. a.d. 1851) brought up the account to what substan- 
tially in principle is the position at present occupied by the manufacture 
of iron, on or in connection with the Newcastle and Durham coal-fields. 
In pursuing the narrative illustrating the development of the trade, it 
will be convenient to give, in the order they arise, some account of the 
character and composition, both of the raw materials used and of the 
products obtained. 

COAL. 

Notwithstanding the varieties of coal which occur in the Northern 
Coal-field, the whole, with few exceptions, are more bituminous in 
character than the produce of other localities in this country. North of 



1 






89 

the Ninety-fathom Dyke, is the district where the Low Main of the Tyne 
(Hutton seam of the Wear) furnishes the least caking^ coal we possess, 
but even here the small coal when coked loses all trace of its original 
form, and leaves the ovens as larg;e masses of coke. At Wylam^ Wal- 
bottle, and other places, a thin layer of a dry burning splint coal does 
occur in connection with a seam of a highly caking description, but the 
entire quantity of it, and of any other similar variety, is very insignificant. 
The caking property, although very valuable for many purposes, entirely 
unfits the coal of this district for use in the raw state in our blast furnaces, 
where its fusing property, by impeding the blast, causes the contents of 
the furnace to hang and slip, and thus to descend at irregular intervals. 
Against diis disadvantage, however, possessed by our coal, may be placed 
the extreme hardness and strength of the coke it produces, which is 
thereby rendered capable of resisting the crushing effect of a high column 
of materials as they exist in our blast furnaces. An experiment at the 
Clarence Works showed that a cube of coke, two inches on a side, sup- 
ported a weight of twenty-five cwts. when cold, and twenty cwts. when 
hot, before it was crushed. Dr. Richardson gives the following analyses 
of coal firom this and other districts, the latter being given for the sake 
of comparison : — 

Locality. 8.O. CnlKm. Hydroffen. Kitrog»ii. Snlptanr. 0«7C«B. Ath. Cok7 

by Coal. 

18 Sai]^>le8, NewcaBtle...l*2o6 ... 62*15 ... 581 ... 1-35 ... 1-24... 5 69 ... 8*77 ... 60*67 

36 Do., Wales 1-316 ... 88*78 ... 4*79 ... 98 ... 1*48... 4*16 ... 4*91 ... 72*62 

8 Do., Scotland ....1*269... 78*68... 6-61 ... 1-00... 1*11... 9*69... 4*08... 54*22 
7 Do., Derbyshire .1*192 ... 7968 ... 494 ... 1*41 ... 101...10-28 ... 2*66 ... 69*82 
The purity of the coal is by bo means an infallible indication of its 
fitness for the manufacture of a suitable coke for iron furnaces. Not 
only are comparative freedom from ash and sulphur indispensable, but 
we must have concurrently the power, which depends on some circumstance 
we do not clearly understand, of producing coke sufficiently compact to 
come down to the region of fusion in our furnaces, without being much 
crushed on its way. 

To form an idea of the extent to which ash and sulphur exist in the 
coke of the South Durham Coal-field, the following analyses are extracted 
from the Clarence Laboratory journal :— 

A*li Bvtphv 

Pw CmL Per C«>iit. 

5*86 0*58 

5*79 0*68 

7*64 0*77 

9*00 0*44 

8*88 0*50 

M 
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As a rule, 6 per cent, of ash and about 0*60 of sulphur may be con- 
sidered as the average analj^tical results of the best coke of the district 
just quoted. Following the example of our neighbours abroad, plans 
have been introduced into this neighbourhood of submitting coal of an 
inferior description to a washing process, by which, where the earthy 
matter is not part and parcel of the coal itself, a very large quantity of 
impurity is easily removed. 

LIMESTONE. 
A very few words will exhaust this section of the subject. In certain 
districts the Magnesian- limestone, although differing little in colour, Ac, 
from the rock in other localities, is nearly entirely carbonate of lime, 
and the Mountain-limestone almost invariably, from its purity, satisfies 
the conditions required by the iron smelter. These two, but principally 
the latter, with a little chalk, brought by coasting vessels as ballast, 
constitute the ilux in the iron furnaces. The following analyses from the 
Clarence Laboratory show the composition of — 

Mountain Mflgnesian Oha''k horn 

Lm^'stone, L'ln- itone. South of 

Harm by. lUilsby HiU. Ei.glaad. 

Insoluble in hydrochloric acid ... 2 00 0*95 1*% 

Peroxide of iron and alumina ... 0*98 040 1*24 

Lime 63'35 64-62 68-84 

Magnesia 108 0-43 ^.... 0-63 

Carbonic acid 4302 4342 42*99 



100-43 99-82 100*66 

The chalk contained twenty-one per cent, of water. 

IBONSTONB OF THE LIAS. 
It will be foreign to the intention of the present communication to 
attempt anything like a minute description of the district over which the 
deposit of ironstone, embraced within the title of this section, is found. 
Mr. John Marley, whose name has been, from the first, associated with 
its discovery in the neighbourhood of Middlesbrough, and who has 
devoted much attention to its geological position and extent; and the 
late Mr. Joseph Bewick, to whom a long practical acquaintance with the 
subject gave abundant opportunity of studying this question, have both 
written on the subject at considerable length. To their works — the 
former in the Transactions of the Northern Institute of Mining Engineers^ 
and the latter in a work on the Cleveland Ironstone — those persons who 
desire more detailed information are referred. 
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It may be, howeTer, briefly stated that Mr. Bewick gives the dimen- 
sions of the field of ironstone as thirty miles by sixteen, from which he 
deducts sixty miles for denudation, giving a net area of 420 square miles. 
The brother and partner of the writer, Mr. John Bell, who possesses a 
yery complete knowledge of the district, prepared models and maps of the 
country, which agree pretty closely with these estimates. Mr. Bewick 
roughly considers the yield to be 20,000 tons per acre, and hence infers 
that close on 5,000 million tons are contained in the Main Cleveland 
seam, within the limits laid down.* We have already seen in the preli- 
minary account of this bed of ironstone how varying in thickness it is. 
In some places, also, it becomes more or less split up by bands of shale, 
a circumstance which of course interferes greatly ^with its commercial 
yalue. Commencing with Grosmont, near Whitby, where it was first 
wrought in a systematic way, there are found two seams of ironstone 
known as the Pecten and the Avicula bands. The former consists of 
3 feet of ironstone, divided in the middle by a bed of shale 14 feet thick. 
Separated from this by 30 feet or more of shale, is the other seam, the 
Avicula, embracing 4| feet of ironstone, along with 2 feet of shale ; and it 
is by these two bands uniring, as well as increasing in thickness, that we 
have, further north, the Main Cleveland seam, as it is termed. In the 
northern portion of the field considerable irregularity in character is also 
observable. At Codhill the bed has an extended height, but is so inter- 
spersed with foreign matter that it is found necessary to confine the 
mining to a section of 5| feet; and the produce, from the circumstance of 
more or less shale bands running through the ironstone itself, is only 
about 28 per cent, of metal. A little to the east of Codhill are the 
Belmont Mines, where the shales thin out, and in consequence, the yield 
of iron is about 30 per cent, the seam at the same time having increased 
in height to 7J feet. At Skelton, still further east, a marked improve- 
ment, both in thickness and in quality, is again discernible. The work- 
ings there are frequently 10 feet high, and a recent analysis of the entire 
section of stone gave about 36 per cent of iron. The north side of the 
vale of Guisbro' is formed by an elevated ridge of land separating this 
yaJley from that of the Tees. At the western edge of this ridge are 

♦ In an estimate recently made by the writer, based on the researches of Messrs, 
Hngh and T. J. Taylor, T. Y. Hall, &c , there would appear to be in our northern 
coal-field six thousand million tons of coal left for future use ; so that there is just 
about fuel enough in the one district — reserving it for that purpose exclusively — 
to smelt ihe ironstone of the main seam of the other. 
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the Normanbj Mines^ where the stone is worked at an average thicknes? 
of about 8 feet^ containing 31 1 per cent, of iron. There is a general dip 
of the seam to the east from this point, and in its progress in that direc- 
tion there is a gradual increase in thickness, and a little improTement in 
per centage of iron. It continues in this way past Eston and TJpIeatham, 
until it reaches Rockcliffe, where it attains a thickness of nearly 18 feet, 
after which it splits again into bands, and as far as is known, resumes 
towards the east and south the character formerly observed as attaching 
to it at Grosmont, near Whitby. 

From the details just given it will be seen that, although the quantity 
of ironstone in the Main Cleveland seam is practically inexhaustible, the 
portion which, in recent years, has yielded such immense quantities of 
rich mineral, as far as we can at present judge, occupies comparatively a 
very limited area. Commencing at Swainby, near Osmotherley, which is 
the most western point where the bed is worked, its thickness is not 
much above three feet, and the per centage of iron under 28. It improves 
gradually in a north-eastern direction past Eildale, where a working 
was attempted, and abandoned, by the writer's firm. It is not until we 
reach Codhill, 13 miles from Osmotherley, that the seam is considered 
worth extracting ; and a line from this point to RockclifFe, on the coast, 
a distance of twelve miles, will probably be found as forming the 
southern boundary of the best stone, so that after making the necessary 
allowance for denudation, 20 to 30 square miles may be assumed as the 
extent of the area, of which a considerable portion lies at a great 
depth. 

Much more irregular in its features is the so-called Top seam. At 
Normanby and Eston little more than its position can be recognised, and 
throughout the entire field it varies from a few inches to many feet in 
thickness. In richness of iron it is not less changeable, giving from 20 
to 35 per cent, of metal, according to the locality from which the sample 
may be taken. In the main seam there exists a certain degree of unifor- 
mity, even in the change of thickness and richness ; but in the Top seam 
both alternate very frequently in a most unlooked-for manner. On the 
western side of the district, Ingleby Greenhow is the most northern, and 
indeed the only place where the Top seam has been wrought in that 
direction. In the mine there its thickness was 2 feet, and its richness in 
iron 34*76 per cent. On the other side of the valley it thinned away to 
a few inches^ containing 37*65 per cent, of metal. Near Osmotherley 



1 



93 

the seam is seyeral feet thick, and in it a few inches at the top contain 
41 per cent., of iron ; these are succeeded by 3 feet of stone, with 24*5 
per cent, lying upon the top of 10 feet, giving 16'70 per cent, of iron. 
On the east coast, at Port Mulgtave, Messrs. Palmer formerly worked a 
small district of the Top seam, 4 to 4| feet thick, which on analysis gave 
SO'99 per cent of iron. In Goadland Dale, Glasedale, Fryup Dale, 
and Danby Dale, this seam varies from 5 feet to 8 or 9 feet in thickness, 
and yields from 20 to 35 per cent, of iron. In one case it is as low as 
9'dd, and in another case as high as 3011 per cent., but both of these 
results were from a very limited area. Unless the magnetic ironstone 
worked at Rosedale Abbey is a portion of this Top seam, about which 
some doubt has been expressed, all the workings in connection with this 
bed have been abandoned from the causes just enumerated. 

A word or two respecting the mode of extracting the ironstone from 
the Main Cleveland seam in the northern portion of the field, i.e., near 
Middlesbrough, will probably not be considered af altogether superfluous. 
There is a portion of the bed at the top 3 feet thick, over and above 
the heights of the seam formerly given, and separated by a parting from 
the remainder of the bed, which parting varies from being a mere point 
of separation to a thickness of 6 or 7 inches. When it attains this latter 
thickness, or even less, its contents are so impregnated with bisulphide 
of iron as to give 28 per cent, of sulphur. This band being easily 
detached from the ironstone, was applied in the chemical works at Wash- 
ington as a substitute for ordinary pyrites, and continued to be so used 
until a manufactory at Middlesbrough was able to consume all the produce 
of the district on the spot. An analysis of the 3 feet and of the sulphur 
band are to be found in the table hereafter given. The 3 feet is left 
in the workings to form the roof of the mine. The remainder of the seam 
Taries from 8 to 10 feet in height, and, indeed, occasionally reaches 
16 feet, or even more. In extracting the stone, headways are driven 
9 feet wide and 90 feet apart, from which, at intervals of 30 feet, boards 
are excavated 16 feet wide. By this system '* pillars " are left 90 feet 
long by 30 feet wide. When the limits of the royalty are reached, or 
when, from any other cause, it is deemed necessary to work the pillars, 
they are removed, with something like a loss of 10 per cent, of their 
contents, so that in a good working, firee from faults, the whole of the 
ironstone, within, perhaps, 7| per cent., can be brought away. 

The following tabulated results of analyses will give a correct idea of 
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the component parts of the Main Cleyeland Ironstone seam, taken from 
that portion of the district where it is found in the greatest perfection : — 





''sss'wjsar 


ErtoB. 


Uptestfaam. 


Protoxide of iron 


... 


88 06 


8992 


87-07 


Peroxide of iron ... 





2-60 


8 60 


4 48 


Protoxide of manganese 


074 


96 


000 


Alamina 


... 


6-92 


7-86 


12-87 


Lime 


... ••• 


7-77 


7-44 


4 67 


Magnesia 





416 


8 82 


2-69 


Potash 


••• 


000 


0-27 


0-00 


Carbonic acid 


... •■• 


2200 


22 86 


28 46 


Silica 


... 


10 86 


8 76 


10 68 


Sulphur 





014 


Oil 


0-00 


Sulphuric acid ... 


... 


00 


000 


000 


Phosphoric add ... 





1*07 


1-86 


117 


Organic 


... 


00 


000 


OHK) 


Water 


"... i 


446 


2 97 


8 86 


KetaUiciron 


97 27 
81-42 


100 41 
88-62 


99 90 
8197 


AstlMMttlet 




Cro«d«r. 




81i«ltoB. 


SkdtoB. 


KomuBbTS-feetlUMC Sulphur Ban 


Protoxide of iron 


46-60 . 


44-81 


8886 


9 97 


Peroxide of iron 


— . 


— 


•47 


— 


Protoxide of manganese .. 


•76 . 


— 


-96 


— 


Alamina 


8-61 . 


11-66 


6 92 


8-47 


Lime ... ... 


6 81, . 


4 66 


6-82 


•49 


Magnesia 


8 86 . 


2-88 


8 84 


1-07 


Potash 


— . 


— 


— . 


— 


Carbonic acid 


21-80 . 


f 27-26 26-00 

includes water. 


— 


SiUca 


1064 . 


7-66 


16-24 


10-94 


Sulphur 


— . 


104 


•40 


(28 87* 
24 82 


Sulphuric add 


— . 


— 


••*•.. ^"^ 


— 


Phosphoric acid 


2-92 . 


1-80 


1-40 


— 


Organic 


— . 


— 


— 


— 


Water 


— . 


— 


869 


18 20 




99-78 . 


100-71 


97-60 


97-88 


MetaUiciron 


8646 . 


84-48 


26 66 


— 


▲nthoiiUM .. .. < 




ClweoMLMk 


C1u«ne«Liai. 


CIatommU] 



The relationship existing among the earthy constituents of the Cleye* 



* Sulphur and iron, as bisulphide of iron ; 28*87 sulphur, 24*82 iron« 
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land ironstone, it will be seen, varies somewhat in different localities. 
This is not to be wondered at^ for, in fact, the seam itself in the same 
section is by no means uniform in its composition. A moment's inspection 
of the furnaces working the ironstone of the district, enables a practised 
eye to perceive a very marked difference in the general character of the 
slag compared with that usually seen at iron works. Although it flows 
hot and fluid, it is extremely stony in its fracture, with scarcely a vestige 
of a vitreous nature. A very short comparison of the relationship which 
the earths bear to each other in ores of other parts of the country with 
those under examination, will explain this. The following may be 
instanced : — 

I«owMoov. FMfcffttte. BntUiljr. Bil«rij. SUaton. Cl«Tri«i«. 

Silica 60 44 54 60 60 84 

Lime 9 13 11 9 18 27 

Magnesia ... 8 19 9 7 17 14 

Almnina ... 23 24 26 24 20 26 

100 100 100 100 100 100 

The following analyses show the composition of slags produced at 
different works : — 



Slag from 






WalM. 
Cybrtbflu 


WalM. 
Dowtals. 


•*^^^ 


So Toit«hln. 
Low Moor. 


Silica 


.. 


... ••* 


4600 ... 


... 48-2 ... 


... 88-76 .. 


.... 48-6 


Alumina 


.. 


... ... 


J66 ... 


... 120 ... 


... 14-48 .. 


.... 11-0 


Lime 


.. 


... 


. 27-7 .. 


... 86-2 ... 


... 8668 .. 


.... 886 


Magneaia . 


.. 


... 


4-6 ... 


... 40 ... 


... 6-84 .. 


.... 8-6 


Protoxide of 


iron 


... .. 


. 8-6 ... 


... 42 ... 


... 1-41 .. 


.... 81 


Solphiir 







1-4 .. 


— ... 


-98 . 


•8 


Potash 


.. 





— ... 


— ... 


... Ill . 


— 








98-7 


98-6 


99 26 


1006 




AvUMMttlM 


.. .. 


B«Uil«r. 


Dr.Pmr. 





Those from Cyfarthfa and Low Moor were analysed under the writer^s 
eye. In the case of Low Moor the iron was chiefly metallic. 

On comparing the composition of the slags from the Welsh, Stafford- 
shire, and South Yorkshire works, just given, with those from the 
furnaces in Cleveland, the great dissimilarity in constitution will at once 
be perceived, and a little frirther examination will show, that with the 
composition of our ores no mere addition of lime can ever imitate the 
vitreous slags of those localities just mentioned. 

The following analyses illustrate this : — 
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Silica 
Alumina 

Lime 

Magnesia 
Protoxide of iron 
Ditto manganefle 
Sulphor 
Potash 

Soda 

PhospboruB ... 



Slag from ClareoM previou 

Clarence. Clarenot. one repeated. dartnee. OnnBbj. 

80-40 27 80 27-68 27-66 29 92 

20-72 22 28 22 28 24 69 2170 



36-88 
4-26 . 
8-64 
1-02 
1-84 . 
-50 



40-45 4012 4000 38-72 



7-21 
•61 . 
trace 
2 00 . 



— trace 



7 27 
•80 
-20 

200 



8-55 
•72 
•36 

1-95 
•46 
•99 



6 10 
•82 
•80 

1-61 



•07 



98 75 100 35 100 35 100*62 99 24 

Anthoiltiea ClazeneeLab. Clarence La1». Clarence L«b. W. Crowder. darenoeLak 

There is one circumstance connected with the composition of these 
slags which may have some interest in a chemical point of view^ inasmuch 
as it may throw some light on a subject not yet very deeply examined, 
namely, that of the comparative volatile nature of the earths, or of the 
comparative &cility with which they are decomposed and vapourised. In 
all the analyses hitherto made by the writer, the composition of none of 
these slags corresponds with the amount of earthy matter introduced 
into the furnace -, thus, in the three specimens of slag from the Clarence 
furnaces the silica, alumina, lime, and magnesia bear the following 
average ratio to each other, as expressed in whole numbers : — 

Silloa. Alvmba. iJme. Uagncala. 

80 + 24 + 41 4- 5 s= 100 

After analysing the Normanby ironstone which was used about that 
time, and adding to its earthy constituents those introduced in the coke 
and limestone, the slag, by calculation, should have been, as r^ards the 
above-named elements, composed of — 



100 



29 



16 



46 



9 = 



The analysis in the School of Mines would, it is true, give a somewhat 
different result^ but one which, nevertheless, does not correspond with 
actual examination of the slags, even had a similar quality of mineral 
been in use at Clarence. The Eston stone, smelted with the same kind 
of coke and limestone, should have given slags containing the earths in 
the following proportions : — 



28 + 18 + 46 + 9 = 100 

There escapes, as may be easily seen, from the furnaces on the Tees, Ae., 
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Tast yolnmes of white yapour^ which condense, or partly condense, with 
great fiicility. That there is a difference in the readiness with which 
it does this, may be inferred from the fact, that while large quantities of 
condensed matter are intercepted in the pipes for leading the gas to the 
boilers, a great amount traveb many yards before it reaches a lofty 
chimney, from which it escapes as a white cloud, and this cloud goes a 
long distance in the atmosphere before it is finally dispersed. Nothing 
short of entire interception of the vapour will enable us to judge whether 
the discrepancy between calculation and &ct can be reconciled. The 
writer is now engaged in arranging a steam pump which, by continued 
exhaustion through water or otherwise, will effect, no doubt, complete 
condensation of each of the component parts of this fiime, when some 
light may be thrown upon the nature of the volatilized portions of the 
minerals used in our blast furnaces. 

This fine dust has been examined at the Clarence Laboratory, and 
although the analysis proves nothing, having been taken at one place 
only in the connecting pipes, a statement of its composition may not be 
devoid of interest. It gave — 

Silica and flftnd ..^ 34-82 

Alumina 16*00 

Lime 1216 

Magnesia '57 

Peroxide of iron 8*20 

Oxide of Bine 4-60 

Sulphuric acid 8*80 

Potaah '40 

Soda 6-86 

Chlorine 156 

Water 5 60 

99*55 

Clan&ee Laborttory. 

From a more recent examination of the fiime, taken at different dis- 
tances firom its point of exit firom the furnace, the varying proportion of 
lime would indicate that this earth maintains the condition of vapour 
longer than the other constituents of the condensed matter : — 

At 80 yards from the point of exit the dust contained 9'0 per cent of lime. 

At 60 Do Do. Do. 12'5 Do. 

At 130 Do. Do. Do. 140 Do. 

In order to supply that deficiency in silica noticed as existing in the 

N 
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slags, and which might possibly affect the quality of the iron itself, there 
was added to the charge at the Clarence Works a silicious mud, and 
subsequently at Eston, freestone, by Messrs. Bolckow and Vaughan. A 
vitreous slag resulted, but no very marked improvement being noticed 
in the iron, the addition was discontinued. 

TEMPERATURE OF BLAST. 

The uniform practice in the whole district is to blow the furnaces with 
heated air. Sufficient data are not possessed to enable us to speak with 
any degree of certainty respecting the application of cold blast; but as 
far as actual experience goes, it is in favour of the idea that the lias iron- 
stone would prove very intractable under that mode of smelting. In tiie 
year 1841, from some reason or another, cold air was used during four 
months at Birtley. The furnaces only ran 42 tons per week of white 
iron, produced by a consumption of 3 J tons of coke to the ton. At 
Clarence an attempt recently was made to operate on the Cleveland ore 
in the same way; twice the quantity of coke was used which is required 
when making foundry iron, and onl}' white pig was obtained. 

A more elevated temperature being wished for than is easily com- 
manded by means of heated iron pipes, various experiments were tried 
at the Clarence Works, and ultimately Cowper's stoves were introduced. 
In these, by an alternate sj'^stem of heating a mass of brickwork in closed 
vessels of iron, and passing the air through the same, a temperature of 
1000° F. and upwards, in the blast was obtained. The condensation, 
however of the furnace fiime, the apparatus being heated by the waste 
gases, so interfered with the efficiency of the apparatus that the system 
was modified. Previous experiments were then continued, in which an 
arrangement of clay pipes, iron pipes, and forge cinders was made to 
replace the bricks. This was a great improvement, the temperature of 
the air was increased up to 1200° F., and the tubular arrangement 
permitted the apparatus to be more easily cleaned. In time, however, 
the same inconvenience from the condensed frime interrupted the value 
of the results, and the plan was abandoned. At no time was the high 
temperature maintained with that regularity upon which success alone 
depends. Enough, however, was ascertained to give encouragement to 
the idea that a steady increase of 500° or 600° in the blast would have 
been serviceable. 

To avoid the inconvenience of the flue dust, Messrs. Cochrane erected 
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lar^e gas generators to obtain carburretted hydrogen and carbonic 
oxide from the imperfect combustion of coal. The writer is unable to say 
what have been the advantapres attending this mode of operating. The 
loss of heat from such a plan of a])plying coal and other sources of 
expense will probably be a serious impediment to the full measure of 
usefulness of the system. At the Wylam and Wear Iron Works the 
writer has introduced an arrangement by which the blast is heated by 
means of the waste heat from the coke ovens. 

SHAPE OF THE BLAST FURNACES. 

In shape, our blast furnaces present no novelty worthy of notice. The 
width of the boshes varies from 14 to 18 feet, and the height from 42 to 
50 or 55 feet, in one case 75 feet having been reached with beneficial 
results. An average proportion will, probably, be three diameters of the 
boshes to the entire height, but no great importance can be attached to 
this ratio, inasmuch as the furnaces continue to work well long after the 
destruction of the lining has greatly altered the dimensions just given. 
One attempt has been made here to employ Alger's Aimace, in which the 
circular horizontal section is replaced by one of an elliptical character. 
In this form the iron is tapped, and the slag allowed to run from the 
back as well as from the iront of the furnace. At the Stockton Iron 
Works, where the system has been tried, the major axis of the ellipse is 
12 feet, and the minor 5 J feet in the hearth — the higher part of the fur- 



NoTE TO TEMPBBATtTBE OF BLAST. — Since this part was printed Messrs. Cochrane 
have informed the author that they experience no difficulty in maintaining a tem- 
perature of 1150^ in Cowper's Stoves, and that they thereby eilect an economy of 
five cwt. of coke in the blast furnace on the ton of iron, as compared with the 
furnaces using air heated in the ordinary way. Messrs. C. also state that in any 
future furnaces they propose using this form of apparatus. 

uuu ui u iuriitiut) IS irvui ^uu mi ^^\j touu weemy, miuuugu luuro tuuit 
this quantity has been frequently obtained. 



QUALITY OF IRON FROM CLEVELAND IRONSTONE. 
Notwithstanding the composition of the slags already spoken of, the 
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furnaces drive with great ease and rapidity — the cinder flowing, when the 
make is foundry iron, perfectly liquid, and of an intense white heat. 

For foundry purposes the Cleveland iron was at first objected to from 
its chilling quickly in the ^^ ladle/' when compared with the makes of 
Scotland, and producing more '^ scum " than the metal from that country. 

The writer had this scum analysed at the Clarence Works^and fouind 
it to consist of — 



Silicate of iron 


e.. 






... 42-10 


Protoxide of iron 


... 






... 8-32 


Iron 


... 






... 42-02 


Carbon 


... 






... l-9» 








... 2-82 


Lime 


... 






•49 


Magnesia 


... 






•10 


Phosphorus ... 


... 






... I'll 


Sulphur 


... 






•2S 


Titanic acid ... 


... 






•88 



100-00 

The fbmaces of this district have little tendency to produce what 10 
technically known as " glazy iron.^ Some years ago one of the Clarence 
iurnaces, however, did run a quantity of this kind of metal. Two 
samples of it were analysed^ and their composition was ascertained to be 
as follows: — 





Wo. 1 Pig. 


HalWff. 


Iron 


... 88-18 


... 90-70 


Carbon combined 


•79 


•71 


Ditto nncotnbined 


... 2-69 


... 2-68 


Silicon 


... 6-18 


... 6-18 


Hanganesc 


•77 


•66 


Sulphur 


•17 


•28 


Phosphorus 


... 112 


... M2 


Titanium 


•26 


•18 


Calcium 


•22 


•20 


Magnesium 


•06 


•08 




99-29 


101-54 


Anthorlty .. 


Carenee Tabonloiy. 



Silicon evidently constitutes the chief difference between the two 
samples given above and the iron usually produced in the neighbourhood. 

The composition of fifteen samples of ordinary iron smelted from the 
Cleveland lias stone is exhibited in the annexed table of analyses. These 
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examinations^ with two exceptions by Mr. Crowder^ bave all been 
performed in the Clarence Laboratory. 



Iron 


Claremce. 
No. 1 Pig. 

93030 


Clarence. 
No. I Pig. 

.. 92-68 . 


Clarence. Tees. 
No. I Pig. No. 1 Pig. 

.. 94-13 ... 92-40 . 


Clerelaitd. 
No. 1 Pig. 

.. 92-43 ... 


Bo. Bank. 
No. 1 Pig. 

92-67 


Carbon combined ... 


•483 


... -78 


.. -93 ... 


•44 


.. 82 ... 


•47 


Do. nncombined 


2-830 


... 2-43 , 


.. 2-34 ... 


2-78 


.. 3-43 ... 


2-89 


Silicon 


2-310 


... 2-72 


.. 2-57 ... 


3-71 


.. 1-70 ... 


1-76 


Manganese 


•676 


... tr. 


.. -31 ... 


-42 


... -30 ... 


-44 


Aluminium 


tr. 


— 


— ... 


— 


— ... 


-— 


Calcium 


— 


— 


— ... 


— 


.. -06 ... 


•03 


Magnesium 


— 


— 


— ... 


— 


.. -01 ... 


•01 


Titanium 


— 


— 


— ... 


•20 


... -56 ... 


•61 


Sulphur 


-040 


... -25 


... tr. ... 


-16 


... -13 ... 


-12 


Phosphorus 


•300 


... -30 


... -30 ... 


1-20 


... 1-24 ... 


1-29 




99-566 


99-16 


100-58 101-81 


100-17 


10009 


Iron 


Clarenoe. 
No.SI»if. 

93-96 


CImivnot. 
No. 8 Pig. 

... 93-66 


ClarenoA. Clarence. 
No. 8 Pig. No. 4 Pig. 

.. 92-36 ... 94-64 


Clarence. 
No.4Pif. . 

... 91-66 ... 


Teee. 
No. 4 Pig. 

93-84 


Carbon combined . . . 


•43 


... -28 


.. 124 ... 


•26 


... 1-26 ... 


•22 


Do. nncombined 


2-67 


... 8-13 


.. -68 ... 


2-46 


... 1-06 ... 


2-72 


Silicon 


2-70 


... -88 


.. 1-80 ... 


1-87 


... 184 ... 


2-16 


Manganese 


•62 


... -37 


.. -81 ... 


-93 


.. 1-06 ... 


•60 


Aluminium 


— 


— 


.. -36 ... 


— 


.. -27 ... 


— 


Calcium 


— 


... -80 


... 93 ... 


— 


... -44 ... 


-46 


Magnesium 


— . 


... -02 


... ^24 ... 


— 


... -15 ... 


tr. 


Titanium 


•26 


... -14 


— ... 


^ 


— ... 


•09 


Sulphur 


•10 


... 17 


... -04 ... 


tr. 


... -80 ... 


•26 


Phosphorus 


•72 
101-36 


... 123 


... 1-56 ... 


1-00 


... 1-67 ... 


•88 




10018 


100-00 10M6 

Crowder. 


100-00 
Crowder. 


101-07 


Iron 




CUrenoe. 
Mottled. 

93-59 


Clarence. 
Wbit^. 

97^30 




Clarence. 
White. 

97036 




Carbon combined 


•86 


-90] 




•788 




Do. nncombined ... 


2-70 


106, 






Silicon ... 




-66 


•11 




-400 




Manganese 




•79 


•11 




— 




Aluminium 




— 


— 




— 




Calcium 




•26 


-16 




— 




Magnesia 




-07 


•06 




— 




Titanium 




— 


— 




— 




Sulphur 




•36 


•96 




•842 




Phosphorus . 




1-05 


-26 




1434 





100-22 



100-91 



100-00 



From the following summary of some of the experiments on iron, 
undertaken by the War Department, an idea of the important question of 
relative strength may be gained. It is only &ir to add that these trials 
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were made soon aft^r the works on the Tees commenced operations, since 
which time the qualities of the ore and its mode of treatment are better 
understood. 

Bn>akinff Breaking Bn>a1(ing Ff^nre 

WflgM, WciKht. Dofloe- Weixht, Angle i«qalr«.-d 

u>iitiilc tnuuTene. tion. tonuoiu tonion. (ur 
Kind of Iron. Qnal. SO. Uxt. cnwiinjr. 

IbH. lbs. llM. lb«. 

,^.^ ^ „ ... (l 7097 U233 4644 -161 3724 7*2 52136 

Whitehaven — Hematite J 

^ , <3 7-214 17751 5106 '120 4182 5-8 82205 

Foundry ... ... I 

^ (4 7-19G 17566 6100 '152 4977 4*9 82583 

{1 7*141 23388 7106 '145 7346 9*3 88488 
2 7*078 18970 6077 -128 6011 7*5 74743 
3 7126 23265 6692 -130 6940 75 91663 

Ystalyfer^lay do. {' ''''' ^"^^ '''' '''' '''' '^'^ ''''' 

.1. ./ {^ 7-167 26768 7944 -196 6176 9*6 90874 
anthracite 

(3 7-150 24533 7228 '166 5719 8-8 88772 

Blenavon 7*163 26766 7947 -182 5487 6-1 105202 

(1 7137 25456 7493 -171 5034 9* 91897 
Blenayon cold blast ... jg ^.^^^ ^3906 7600 -191 5674 10*2 87358 

Cleyeland-Stockton f^ 7*148 25810 7159 -136 5872 4*2 99526 
Furnaces (2 7*135 22271 6932 -134 6306 6*7 87063 

From these figures it would appear that the iron from this northern 
locality stands very well even when contrasted with some of the best 
brands of the kingdom. A large founder at Middlesbrough states the 
Cleveland iron to be strong in the lower classes, viz., Nos. 3 and 4. 
A bar 2 in. x 1 in., with bearings 3 feet apart, carried 27 to 30 cwts. 
Under tension, bars having a sectional area of one centimetre, bore 35 
cwts. before fracture occurred. In melting for the foundry, the same 
authority states 2 to 2J per cent, to be the loss on pig iron obtained 
firom Cleveland stone. 

At the Clarence Works the following experiments were undertaken 
with bars to ascertain the breaking weights. The bars were 2 in. x 1 in., 
and supported on bearings three feet apart: — 

Qnallty of 1 on in bar. Breaking Weight. 

No. 4 Deflection. Cwtg. Qn. iJba. 

No. 1 -66 in 29 2 22 

2 -62 „ 28 2 22 

3 -60 „ 30 22 

4 -56 „ 30 22 

6 -59 „ 27 2 22 

6 60 „ 29 22 

7 -62 „ 29 22 

8 *56 „ 28 2 22 

9 52 „ 28 2 22 

10 •55 „ 29 2 22 

Average ... *686 29 22 
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Quality of iron in bar. Breaking WeUht 

No. 4 Deflection. CwU. Qr«. Lbs. 

No. 4 iron 10 others... -609 in 28 6 

4 „ 10 „ ... -693 „ 28 2 27 run from No. 2 pig. 

4 „ 10 „ ... -693 „ 28 2 12 run from No. 3 pig. 

KotUad. 

No. 1 -068 „ 31 2 22 

2 -064 „ 29 2 22 

3 048 „ 27 2 22 

4 -041 „ 26 2 22 

6 -046 „ 27 2 22 

6 048 „ 29 2 22 

Average ... 049 28 3 12 

EFFECT OF MANGANESE IN THE BLAST FURNACE. 
The experiments of Mons. Caron in ascertaining* the effect of manga- 
nese on pig* iron, wliich he found sensibly to reduce the amount of sulphur, 
led the writer to try the effect of it in the Clarence fiirnaces. Tlie results, 
in a chemical point of view, are not devoid of interest, inasmuch as they 
afford some indication of the behaviour of this metal under the treatment 
of an iron furnace. The ore itself wns poor in manganese ; the composition 
was as follows : — 

Silica 25-00 

Peroxide of iron 24-30 

Peroxide of manganese 37*19 

Oxide of do 8*61 

Loss by heat 6*00 

100*00 

The iron produced g-ave by analysis for different qualities as follows :— 





Mo. 1 Pi«. 


No. 2 Pig. 


No. B. Pig. 


Carbon 


2*94 ... 


... 2-90 ... 


... 8*30 


Silica 


2-50 ... 


... 3-53 ... 


... 3'80 


Manganese ... 


1-76 ... 


... 2-31 ... 


... 2*46 


Sulphur 


-292 ... 


... -247 ... 


... -264 


Phosphorus ... 


-416 ... 


... -860 ... 


... '867 



As far as the two last mentioned elements are concerned, the addition 
of manganese in the furnace does not appear to have effected much 
change, but it is quite possible that the increase of this metal may, when 
the iron is remelted for the founder, remove a portion of the sulphur. 
Mons. Caron ascertained that this change occurred when manganese was 
fused with iron containing sulphur. Want of opportunity has prevented 
this examination from being pursued. 
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The slag was of the following* composition while the fiiriiace was work- 
ing with the manganese ore : — 

Silica 29*26 

Alumina 19*25 

Lime 88*25 

Mag^neaia *60 

Protoxide of iron 1'04 

Do» manganese ... 8*76 

Snlphur 2*16 

Oxide titanium *75 

100-06 

By calculation it was ascertained that for 100 parts of metallic manga- 
nese introduced into the furnace, 

There came out in the iron ... 9*5 

In the slag 87*6 

Leaving unaccounted for 2*9 

100-0 
These figures require a little medication, difficult to define, arising 
from a varying amount of manganese being found both in the iron and in 
the slag of furnaces using Cleveland ironstone alone. 

USB OF THE WASTE GASE^. 

The waste gases are employed for raising steam and heating the blast, 
but on the use of this mode of economising coal there still exists a 
considerable diversity of opinion. Extra consumption of high-priced coke 
and irregularity of working in the Airnaces themselves, is not in every 
case a commercial equivalent for the inferior small coal saved, and labour 
in firing boilers, Ac, avoided. In the writer's opinion there is some force 
in the objection ; at the same time his own experience, after incurring 
great expense in the necessary gas apparatus, leads him to persevere, in 
the hope that even the objections he admits to exist, will vanish with the 
knowledge which time and patience alone can secure. 

It is, however, reasonable to suppose, as far as a mere question of fuel 
is concerned, that the combustion of the carbonic oxide at the top of a 
furnace must heat the materials to a greater or less extent, and whatever 
this may amount to will be a BKvingpro tanto lower down the furnace. 

To ascertain, if possible, what amount of heat was really imparted to 
the contents of a blast furnace by the combustion of the carbonic oxide at 
the top, an examination has been made within the last few days of two 
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furnaces at the Clarence Works^ one open-topped, and the other close- 
topped. At the former the gases were burnt, and from the latter they 
were conducted away unconsumed. Both furnaces were of the same 
construction, and both were using materials similar in quantity and quality, 
and producing the same kind oi iron. In both instances the temperature 
was taken 8 feet below the charging plates. 

At the close-topped furnace the following results were obtained: — 



K. X. 

Time of obseryation 2*25 Temperatnxe .. 


Deflr.F. 

890 


. 


2-31 ... 




1040 




2-40 ... 




. 1040 




3- 6 ... 




1107 




3-50 ... 




1240 




Pot on 66 cwts. materials ...3-20 




1240 




3-30 ... 




1299 


Mean ... 1121 P. 


Day folUming, 






n. K. H M. 

Time of observation ... 320 ... 320 


R. X. 

... 3-46 






Temperature 1175 ... 1227 


... 1275 




Mean temp. 1226 


Put on 76 cwts. materials 







Temp. ... 1240 


Day tucceeding. 






R. X. R. R. 

Time of observation ... 320 ... 3*30 


R. X. 

... 3-36 


R. X. 

.. 3-66 




Temperature 1305 ... 1282 


... 1282 . 


.. 1415 


Mean ... 1321 


Put on 30 cwts. materials, 








temperature ... 4-6 ... — 


... — . 


.. — 


Mean ... 1438 


Ditto 74 ditto ... 4-20 ... — 


... — 


— 


Mean ... 1438 



The mean of these observations indicates 1200^ as being the probable 
temperature of a close-topped furnace, 8 feet below the charging plates. 

An attempt was then made to ascertain the temperature of the gases 
at a point 8 feet below the charging plates of the open- topped furnace. 
One observation only was obtained, which indicated 1692°. 

In all these experiments the temperature was ascertained by heating 
a cylinder of copper of a given size, and ascertaining the effect it had on 
an accurately -measured quantity of water. In the case of the open-topped 
furnace, the temperature was so high that this apparatus became un- 
manageable; the copper getting so hot that the water was thrown 
violently out of the vessel containing it. Looking at the single observa- 
tion obtained and subsequent appearances, the temperature of the gases 
in an open- topped furnace will probably be about 1800°, or 000° above 
that of the close-topped furnace, the datum line in each case being as 
before stated 8 feet below the charging plates. 
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TBMPEKATURB OF ESCAPING GASES FROM FURNACES. 

Scheerer gives 572° F. as the temperature of the upper zone of a blast 
fiirnace. The writer recently made the following examination of the 
temperatures of different furnaces working with close tops. 

Clarence No, 6 fumaoe^ 48 feet high, making No, 4 iron. 

Full 2*0 temperature of escaping gases, 558^ F. 

2-25 ditto ditto SSO* 

Put on 75 cwts. materials ... 2-36 ditto ditto 680<* 

Same furnace making Not, 2 and 3 iron, 

H. X. 

FuU 2*0 temperature of escaping gases, 710'' 

2-10 ditto ditto 840'» 

2-20 ditto ditto 940<* 

Put on 26 cwts. materials ... 2-30 ditto ditto 710*» 

Walker No, 4 fwmaee, 42 feet high, making No, 4 iron, 

H. If . 

Full 2*0 temperature of escaping gases, 690* 

2-10 ditto ditto 800® 

Introduced 83 cwts. materials 2*20 ditto ditto 670^ 

Middlesbrough No, 2 furnace^ 42 feet high, making white iron, 

H. K. 

Full 2*0 temperature of escaping gases, 519® 

2*20 ditto ditto 960® 

Put on 90 cwts. materials ... 2*30 ditto ditto 469® 

The mean temperatures wiU he as follow .*— 

Clarence, making No. 4 iron 710® 

Ditto, making No. 2 iron 826* 

The mean temperature of the tube conveying the gas from four 

furnaces was 808® 

Walker, making No. 4 iron 740® 

Middlesbrough, making white iron ... 715® 

The object of these figures is to show that taking Scheerer's state- 
ment as our guide the whole of the furnaces alluded to are working to a 
loss. 

It is obvious that there is an escape of heat capable of preparing an 
additional quantity of material for treatment in the reducing and msing 
zones of the furnace. The obvious method of making this heat available 
is by increasing the height of the furnace itself. This, however, has its 
limit, varying probably with the nature and size of the materials used. 
If, for example, the fuel is easily crushed, or the '^ mine" is small or easily 
rendered so, then the altitude of the column containing it must not be 
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above tliat which will permit the blast to enter freely and presenre, as far 
as possible, an equal temperature over every horizontal section or zone of 
the materials. 

It is more than probable that the limits of extreme height hare been 
already reached by experience in other localities, the ironmaster there 
being guided. by the peculiar characteristics of his own minerals. 

The iron furnaces in Cleveland work under a totally different set of 
circumstances to those of Staffordshire, for instance, where the coke is 
friable and the mine small. Our coke is endowed with great hardness 
and capability of resisting pressure, and our ironstone, worked in great 
blocks, is sufficiently large to permit a free passage of air through a much 
higher column than otherwise would be the case. 

Messrs. Bolckow and Yaughan have actually put this to the test of 
practical proof by erecting a furnace seventy-five feet high. Upon one 
occasion, in making No. 4 iron, the gases were escaping at a tempera- 
ture of 4A7^ just after charging, and 665^ when ready for its charge, 
or a mean of 517° \ the reduction of something like 200°, being due no 
doubt to the increased burden which this higher furnace was actually 
carrying. 

Economy of fuel in the blast furnace is of twofold importance — ^first^ 
from its direct action in reducing the cost of making iron ; and secondly, 
as the superiority and quality possessed by charcoal iron over that smelted 
by pit coal, consists, in aU probability, in the greater amount of impurity 
contained in the latter description of fuel, it obviously becomes a matter 
of consideration to employ as small a quantity of coke as possible, so as 
to diminish the weight of foreign matter introduced into the furnace. 
Hence any system interfering with these conditions requires close and 
careful watching on the part of the ironmaster. 

MAGNETIC IRONSTONE OF ROSEDALB ABBEY. 

Hitherto our observations have been confined chiefly to describing 
the natural and metallurgical features of the Main bed of ironstone in 
Cleveland, but as there are some matters of interest connected with the 
Top seam, a short notice of it here may not be out of place. 

This seam of the Lias formation (which is either the Top seam or very 
near it in geological position), has been wrought in two or three places, 
but by fiur the most important workings are the mines at Rosedale Abbey. 
The samples, Nos. 1 and 2, are analyses of the Rosedale Abbey ironstone. 
No. 4 is the Top seam from Ingleby 



1 



108 



If 0.1. 

Blackstone. 



Oxide of iron 
Oxide of manganese 
Alumina ... 

Lime 

Magnesia 

Potash 

Carbonic acid ... 

Silica 

Lobs by heat 

Sulphur 

Phosphoric; acid ... 
Carbonaceous 
Water 



AntlioTftiat 

Metallic iron 



Ko.9. Ko.S. 

Blnefitone. Inglebj. 

33-86 FeO 4114 FeO 

64-90 32-67 Fe«0» 7-07Fe»0» 



D*-»U 


o^ oi m 

•69 


9-25 


3-15 


3-53 


2-86 


•99 


....... — — 


». 


trace 





10-36 


6-70 


...... 6-95 


1616 


1-59 





•03 





1-41 





•84 


— 


3-76 


100-62 


98-16 


7. Crovder. 


J. PRttin^on. 


45-43 


49-20 



•94 
4-71 
3-32 
3-34 
•20 
260a 
7-31 

•OS 
1-36 

•3g 
8-8^ 



99-77 
Clarenoe Labotatoxy, 
36^95 



The Rosedale stone is chiefly smelted at Ferry Hill furnaces, and ta 
some extent as a mixture at other works. In quality the iron is mucb 
like that which is obtained from the main beds of ironstone. 

The Ingleby stone is a portion of the Top seam, and, being^ tfadn and 
expensive to work, is now abandoned. A few hundred tons were smelted 
without admixture at the Clarence Works. The content of iron was 
verified as being superior to the ordinary Cleveland Main seam, but the 
metal in quality did not differ from the usual make of the district. 



WBARDALE ORES. 
The Weardale ores, from the quality of iron produced by their use, 
require some separate notice. They are found in the veins of the moun- 
tain limestone, either as sparry or spathose carbonates, or as hydrated 
peroxides; the latter, no doubt, resulting from the joint effects of atmos- 
pheric and aqueous action on the former. The following information, 
communicated by Mr. Attwood, shows the composition of both varieties : — 

Spathoie. Hydrated Pnoxido. 
_,._,, Dr. Fncy. Dr. Percy. 

Protoxide of iron 49-77 — 

Peroxide of iron '81 71-11 

Protoxide of manganese 1*93 6*60 

Lime 396 '56 

Magnesia 2*83 1-90 

Alumina — '40 

Carbonic acid 37*20 '13 

Sulphur 0*04 -— 

Phosphoric acid trace '22 

Water 0*30 12-40 

Insoluble residue 3-12 ^"^^Ia11^7 

Protoxide copper — trace 

99-96 99-64 

Metallic iron 38*96 49*78 



109 



Dr. Richardson gives the following as the composition of a specimen 
of Weardale spathose ore : — 

Iron 44-73 

Lime and magnesia 8'95 

Silica -95 

Loss by heat 35*50 

The character of the iron produced from the ahove ores is of a marked 
kindy highly crystalline, and aifording bar iron of a very excellent quality. 
Recently Mr. Attwood has succeeded, he states^ by a plan of his own^ in 
obtaining very good steel from the iron. 

The composition of a description of iron coming so near in its proper- 
ties to that of charcoal iron^ as it does, is of sufficient interest to justify 
attention being drawn to it. The following table shows analyses of both 
foreign and Weardale iron : — 



No. L No. 9. 

0«mi&n. German. 

Spiegel Klten. Spiegel Eiaeo. 



Iron 

Carbon 

Silicon 

Manganese 

Solphnr ... 

Phosphorus 

Copper 

▲sttioiliias 



8211 

4-77 

•82 

11-12 
•74 
•13 
•31 

100-00 
Dr. Perej. 



.. 98-655 

•210 

. 1-062 

trace 
trace 

99-927 

HItehell aod 
Blelutfd. 



NaS. 
BwedlBh. 

95-27 
402 
'08 
-10 
•30 
•05 



99-82 
Dr. Percy. 



No. i. 
WeanUIe. 

.. 93-01 

. 4-10 

•23 

. 2-37 

•21 

•07 

•01 

100-00 
Dr. Percy. 



No. 5. 
Weardale. 

99-610 
•065 
•140 



trace 



99-716 

Uitchell and 
Blchard. 



No. 6 

Weard<ile. 

White Spiegel. 

. 96-776 

. 2-092 

•882 

•021 

•2^ 



99999 

Waibington 

Laboratory, hj 

Mom BrlreC 



Dr. Percy afterwards having reason to think the proportion of sulphur, 
as given in his analysis, was too high, repeated the examination, and 
found it only -03 per cent, in Weardale spiegel eisen. The slag from the 
furnace where the specimen No. 6 was made contained : — 

Silica 86-80 

Alumina, little oxides of iron and of manganese 13*80 

Lime 46*00 

Magnesia 2*54 

Soda and potash, estimated as the difference -86 

100-00 
The coke used at the Weardale Company's furnaces is that from the 
bottom of our coal series, and which, as a rule here, as in some other 
coal-fields, appears the best adapted for iron smelting, owing no doubt to 
freedom from sulphur. The subject is of interest, as showing that the 
results obtained by the use of charcoal abroad, can be very closely imi- 
tated when suitable ores, and mineral coal of great purity is the fuel 
employed. 
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CUMBERLAND HEMATITB. 

The rich hematites of the Whitehaven district aj^roadi in some cases 
to neariy a pure peroxide of iron. 

The following indicates their composition : — 

Clefttor. CiMter. 

Peroxide of iron 90'58 95-16 

Protoxide of manganeae ... *I0 *24 

Silica ... 7*06 5'66 

Alnmina 1'43 ...... '06 

Lime *71 *07 

Magnesia -06 — 

Salphur *08 trace 

Phosphoric acid trace trace 

99-96 101-19 

AnthoKiij Bohodl oCMIact. 

Metallic iron 63*25 66*61 

The following analysis shows the composition of iron from the Cleator 
furnaces — 

Lron 93-94 

Carbon 4*16 

Silicon 1*92 

Manganese ... *02 

Calcium *12 

Magnesiom "06 

Snlphor -05 

Phosphorus *08 

100-37 
AnttuniiT dannoe Labontoqr. 

This ore and that from Ulverstone are brought, to some extent; to the 
east coast for admixture with the Cleyeland stone. 

ntOKSTONES FBOM REDESDALE AND HARESHAW (MOUNTAIN LIME. 
STONE), AND PROM 00N8BTT, NEAR SHOTLET BRIDGE (COAL- 
MEASURES). 

These ironstones having been incidentally mentioned, the following' 
analyses by Dr. Richardson, may be of interest :— 

Bedeidale. Hneshttw. ConMtlk Bhoflflj Bridge' 

Iron W86 86-61 WeS 

Lime and Magnesia 9*00 llrdO ...... 4*65 

Caay 14*00 7*16 ...... 16-06 

Loss by heat 8102 84-07 81-91 

In each case^ no donbt; the stone was a perfectly clean sample, quite 
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firee from adhering shale, which will account for the difference of metal 
between the analyses and the actual yield in the furnace, as formerly 
stated. 

STATISTICS OF THE PIG IRON MANUFACTURB IN CONNECTION WITH 
THE NEWCASTLE AND DURHAM COAL-FIELD, 

The following figures, extracted frt>m the statistical returns of the 
Geological Surrey, afford probably the readiest mode of imparting a 
correct idea of the extent and rate of development of the iron mines now 
under consideration. 

In September, 1850, the first ton of stone was worked from Eston 
Hill for trial at Witton Park Works. Prenous to this the valley of the 
Esk, and, to a small extent, the coast, furnished the produce of the Lias 
beds. Subsequently the quantity raised on the coast was increased a 
little, in consequence of the seam near Skinningrove being recognized as 
containing more iron. 

EdcYaUay. CoMt. 01«T«I«id HIUi. ToiaL 

TcMM. Tona. Tom. Tons. 

1855 55,000 50,000 865,300 970,300 

1850 48,000 57,164 1,141,448 1,246,612 

1857 ... X / 1,414,156 

1858 ... / Not properly separated after thi«, bat most I 1 ,367,396 

1859 ... \ of the Increase may be set down aa being J 1,520,842 

1860 ... [ the produce of the Cleveland HillB. j 1,471,319 

1861 ... J ( 1,242,514» 

1862 26,000 98,900 1.566,066 1,689,966 

CUlfBEBLAND QBB. 



BnMltod at NewcMtto BiMlted in Sxportodto Total, 

or Middleabxoiigli. CumlMilaBd. othar Placaa. Tona. 



1854 



46,785 ... ( 24,000 ) ... 261,257 332,042 

1 estimated ) 

1855 37,192 24,106 139,490 200,788 

1856 41,450 39,617 168,080 278,147 

1857 44,489 56,511 222,812 323,812 

1858 57,040 67,248 207,254 831,542 

1859 77,200 79,162 243,954 400,306 

1860 81,240 128,149 257,462 466,851 

1861 65,555 117,654 288,885 472,094 

1862 55,838 119,286 357,997 533,120 

Waardala. Kaweaatla. Cmborlaad. 

Blown Haantttaa and CaAoMtafr CiMjwIUmt. Alaton. 

1868 — 1,084 17,094 

1869 « — — 1,871 

lieo — — — 

tl861 91,000 — — 

1862 124,750 — 820 

* The QoTemment Betnms are 1 11,258 tons short of the actual weight this year, 
t The OoYemment Betoms are incorrect, only giving 10,750 tons per 1861. 
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A very large quantity of hematite is obtained from the neighbour- 
hood of TJlverstone, a portion of which is smelted with coke from the 
Durham Coal-field, while some of the ore itself is brought to mix with 
the Cleveland ironstone. The following figures indicate the importance 
of the iron trade of Ulverstone : — 



Ouried to Newcastle 
or lliddlesbroagh. 



Smelted at 
Ulrcntone. 



Exported to 
other Places. 



TotaL 
Tons. 



1861 

1862 



11,838 118,769 388,583 619,180 

3,548 167,634 388,209 559,391 



The following statement gives at one view the number of fiirnaces on 
the east coast, existing previous to the recent extension of the iron trade 
in connection with the Cleveland ironstone worked from the neighbour- 
hood of Middlesbrough, with other particulars of interest connected with 
its present condition and future prospects : 



* 


Fomaeea 
prerioua 


Fnniacea 
exlxting 


Bonding 
or pro- 


Fnraafea 
in Rlaai. 


Name of Woik. 


Ownoia. 1 


O AD. 


l«t Rppt.. 


keWd lit 


lats«pt. 






1860. 


1»W«. 


Sept. 186S. 


IMS. 


Lemington 


Tyne Iron Co 


2 


... 2 ... 




... 1 


Birtley 


Birtley Iron Co 


2 


... 3 ... 


— 


... 8 


Wylam 


Bell Brothers 


1 


... 1 ... 


— 


... 1 


Walker 


Losh, Wilson, & Bell ... 


2 


... 6 ... 


— 


... 2 


Bedesdalc 


Redesdale Iron Co. 


2 


dismantled 





,.. 


Hareahaw 


Hare«haw Iron Co. 


3 


dismantled 





... 


CJonsett 


Derwent Iron Co 


14 


... 14 ... 


— 


... 6 


Tow] aw and Stanhope 


Weardale Iron Co. 


6 


... 6 ... 


— 


... 4 


Bedlington 


Longridge & Co 


2 


.. 2 ... 


— 


... 


Witton Park 


Bolckcw & Vaughan ... 


4 


... 4 ... 





... 4 


Middl cabrough 


Bolckow Sc Vaughan ... 





... 8 ... 





... 8 


Eston 


Bolckow Sc Vaughan ... 





... 9 ... 





... 9 


Clarence 


Bell Brothers 





... 6 ... 


2 


... 5 


Tees 


Gilkes, Wilson, & Co. ... 





... 5 ... 





... 4 


Ormesby 


Cochrane & Co 


— 


... 4 ... 


— . 


... 4 


Claylane 


Elwin, Malcolm, & Co. ... 


— 


... 3 ... 


8 


... 3 


South Bank 


Elwin, Malcolm, & Co. ... 


_— 


... 3 ... 


3 


... 8 


Stockton 


Holds worth & Co 





... 3 ... 




... 3 


Norton 


Warner, Lucas, k Barrett 





... 8 ... 


__ 


... 8 


Tees Side 


Hopkins dt Co 


-« 


... 2 ... 





... 2 


Thomaby 


Whitwell&Co 





... 3 ... 


._ 


... 3 


Normanby 


Jones, Dunning, & Co. ... 





.. 2 ... 


_ 


... 2 


South Durham 


South Durham Iron Co. 





... 3 ... 





... 8 


Felling, River Tyne... 


Pattinson & Co. k Bell Brs. 





... 2 ... 


«-. 


... 


Jarrow, ditto ... 


Palmer k Co 


_« 


... 4 ... 


«_ 


... 8 


Wallsend, ditto ... 


Palmer & Co 


-_ 


... 2 ... 





... 


Bradley 


Richardson & Co 


«« 


... 4 ... 


^ 


... 


Washington 


Washington Chemical Co. 





... 1 ... 


_ 


... 


Wear 


BeUs, Hawks, k Co. 





... 1 ... 


_ 


... I 


Ferry Hill 


James Morrison 





... 8 ... 


-«. 


... 3 


Seabam 


Marchss. of Londonderry 





.. 2 ... 


«_ 


... 2 


HinderweU 


HinderweU Iron Company 


_ 


... 1 ... 





... 1 


Haltwhistle 


,,, ,,, ^ 


__ 


... 1 ... 


__ 


... 


Brinkbum 





.^ 


... 1 ... 


^_ 


... 


Beckhole 


Bagnall k Co. ..'.' .'..* .*.'.* 





.. ... 


2. 


... 


Newport 


B. Samuelson 





.. ... 


3 


... 


Eskdale Side 


... ... ••• •«• 





.. ... 


2 


... 


Glazedale End ... 


... 


— . 


.. ... 


2 


... 
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Ttid farmtttd working^ hematite ore on iHe WMl ootat ire as feSo\f^ 
tdben ttcftiL t&e Geological Survey :— 

rimiMaBvflt rnfeSMM 1ft BUak 

1861— Cumberland 13 8 

Lancashire 12 10 

10162— Cumberland 18 7 

L^cashire 14 11 

Aceordin^ to the saitoe atktfaorhy, tb^ Mowing figuT^ embrace arf 
accoatft (ft tbe production of jAg iron frota the furnaces alluded to in thi9 
j^aper :--• 

!?*• 2!^' JR. 

Tons. Ton*. Ton*. 

Northnmberland, using chieflj Cleyeland ttone 69,098 ... 78,260 ... 46,586 

Durham, nttng chiefly Cleveland stone 840,921 ... 812,080 ... 837,218 

North Biding of Torkshire (aeyeland) ...248,665 .. 284,656 ... 283,398 

658,679 629,946 667,202 

CaBberland 87,950 ... 55,166 ... 108,455 

Lancashire 81,250 ... 109,877 ... 138,563 

MALLEABLE IHOV. 
Malleable iron was, of course, the description of metal produced by all 
those bloomeries, mentioned in a previous section of this paper, as is 
indicated by the heaps of scoriae found near Roman stations, monastic 
establishments, and other places. Coming^ down to more recent times, it 
is obvious that in a country where, comparatively speaking, there would 
be a considerable consumption of wrought iron, there was necessarily 
Chrown into the market a corresponding quantity of old or scrap iron. 
With cheap fuel, and water-power in sufficient quantity to dnve small 
hammers, forges were erected at various suitable localities, such as 3wal- 
well, by Crowley and Co. ; Beamish and Lumley, by Hawks } Bedlington 
and at various other places. It is needless to say the weight of metal so 
nuinufactured was small. The next stage in the manufacture o^ malleable 
irbnt was the erection of slitting mills in different places commanding 
water-pow6r ; but w^en or where iirst established the writer can scarcely 
determine. By the kindness of Mr. Stephen Hawks, who has Searched 
through the books at the Gateshead Iron Works, he has ascertained that 
the slit-rod^ used there in 1772 appeared to be all brought from London, 
ttaa probably were manufactured in Wales or the Midland Counties.* 

* From information communicated by Mr. 8. Hurrell, it wonld appear that, in all 
probability, the slit-rods imported to the Gateshead Works were from the mills of a 
' Kr. Beynbld^; in Shr6)pbfalre. 

P 
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Silt-rods were first made in this neif^hbourhood from hammered bars ; 
indeed, the writer was informed by the late William Losh, one of the 
founders of the firm of Losh, WilsoD, and Bell, that he erected a slitting- 
mill near Newcastle, and the iron he used was bars brought from Sweden. 
This would probably be about the year 1800. Cort patented the rolling 
of bar iron in the year 1783, and Mr. Stephen Hawks, in an old letter- 
book of 1799, finds Mr. William Hawks writing, "We will certainly 
roll the iron to the dimensions you mention," so that probably rolling- 
mills were introduced in the neighbourhood of Newcastle a very short 
time after their invention by Cort. In the year 1800, according to infor- 
mation received from Mr. O. G. Atkinson, a small mill was erected at 
Lemington. 

Mr. William Longridge states that his father commenced the Bedling- 
ton Works in 1809, the river Blyth supplying the motive power. At 
that time a plate of 150 to 2001bs. was considered, he observes, some- 
thing wonderful to produce. It was here that, in 1820, they rolled the 
first malleable iron rails, an invention of Mr. Birkenshaw. 

In 1827, Messrs. Losh, Wilson, and Bell erected, what at that time 
was considered in the north, a powerful mill, at Walker, capable of 
rolling 80 to 100 tons of bars a week. Here, as at all the other works, 
old scrap iron or common Welsh bars, cut up for re-rolling, were the 
raw materials used. This firm led the way in extending the operation to 
the " puddling " of pig iron, a process adopted by them in the year 1833. 

The rapid progress in Scotland of the manufacture of pig iron from 
black band by means of the hot blast, and the cheapness of coal on the 
Tyne, induced Losh, Wilson, and Bell to increase their rolling power. A 
second mill was erected in 1838, where rails of the largest dimensions, 
and tyre bars for the wrought-iron wheels, invented by Mr. Losh, were 
manufactured. 

The old house of Hawks and Company soon afler added largely to 
their means of producing wrought iron. In this they were speedily fol- 
lowed by the Derwent Iron Company, who erected immense rolling-mills 
at Consett, near Shdtley Bridge, and increased largely the capabilities of 
the Bishopwearmouth Iron Works, which they had previously purchased. 
There would be in the district, previous to 1850, about 300 puddling 
furnaces, capable of turning out above 150,000 tons of finished iron per 
annum. 

The following list, compiled firom actual returns, shows the number of 
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puddling* furnaces now existing in connection with the iron works of the 
Northumberland and Durham coal-field :— 



GAteshead ... 


H 


Hawks, Crawshay, k, Sodb 


Oonsett 


>» 


Derwent Iron Company .. 




Ditto 


Birtley 


n 


Birtley Iron Company ... 


BedliDgtx>n ... 


n 


Mounsey & Dixon 


Sbotley Bridge 


yj 


Ricbardflon k Co. 


Hive, Jarrow 


»» 


ElUott&Co 


Sunderland ... 


M 


Tywick k Co 


Britannia ... 


» 


G. Hopper 


Jarrow 


n 


Palmer k Co 


Tndhoe 


n 


Weardale Iron Company... 


Middlesbrough 


n 


Bolckow k Vanghan 


Witton Park 


It 


Ditto 


Tees Side ... 


»» 


Hopkins <c Co 


Albert 


» 


Barmingham & Co 


Stockton ... 


n 


Stockton Iron Company ... 



Ho 

raniM«t. 

Walker ... Messrs. Losb, Wilson, lb BeU 50 

88 

81 

6 

U 

27 

10 

7 

16 

80 

64 

68 

71 

56 

45 

20 

Total 646 

The united power of all these works will be equal to an annual produc- 
tion of 340,000 tons of finished iron, and probably the actual make 
during the year 1863 may have amounted to 300,000 tons. 

In addition to the quantity of iron obtained by the puddling process, 
a considerable weight, possibly as much as 10,000 tons per annum, is 
manufactured from old iron imported from various parts of the kingdom. 

At first a much stronger opinion existed in favour of refining pig 
iron, previous to puddling it, than is the case at the present moment 
In fact, it may be said that this mode of working has been all but aban- 
doned, as more wasteful than simply puddling the pig iron direct ; and 
indeed one manufiicturer of great experience gives, as the result of his 
* observation, that a sectional inch of boiler plate had its breaking weight 
actually diminished by interposing the process of refining between the 
pig and the puddled bar. At the new works no refineries are built, and 
at the older establishments the refineries are all but discontinued. 

There is probably less mill and forge cinders used in the manufacture 
of pig iron from the lias ironstone, either for bar or other purposes, than 
in any other iron district in the kingdom, and this obviously from the 
greater abundance and cheapness of ironstone. The extra loss in 
puddling and the depreciation of quality in the malleable iron is more 
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than eqnindent for an j saving ia the blast fiirnaco whicb may be eftotsd 
by using tbe forge cinders, into wfaich the greater part of tbefAyaspboms 
of tbe pig finds it43 way. It is also not improbable that tbe admixtare of 
mill an4 forge cinders migl^jt, with the pon^itutfo^ of the Cleypland ores, 
be more detrimental to the quality of tbu» bars than is the ^ase 19 districts 
smelting other kinds of ironstone. At all eTents, our bar iron makers 
seek to avoid any risk of this by its very sparing use. 

Some bar iron manulacturers prefer pig having an admixture of a little 
hematite in the blast furnace, or they S(Bek to secure the advantages 
resulting from the use of this claa^ pf iron by using hex^tite pig in the 
puddling furnaces. It is highly probable that some good attends such a 
course of procedure, as well from the acknowledged excellence of hematite 
pig as from the advantage that is generally admitted to accrue from using 
differept varieties in the manufacture of m^leable iron. Tbe f^t, too, 
that the tendency of the Cleveland iron 19 tpwards cold shortness, while 
that of the hematite is in the opposite 4i>^^on, increases tl|0 probability 
of the soundness of these views. At tbe same time, by care in paddling 
and in the subsequent process, bar iron of a very high class of excellence 
can be produced from pig obtained froni Cleveland ironstone alone. 

)f^B3r9. Qplpkpw ^pd Yft^gban ^ave kif^dly fiirniahed t|),e writer with 
a series pf samples which h^vp bee^^ submitted to brea]fing ^?W9 ^^ 
the following are the results : — 



ijrt 


Boiler plate f in. 


thick see. s 1 in. 


■q., jiireaking weighs 


Tomi Gvti. 

, ae 10 


No. 3. 


Do. 


tf 


1 in. 


do. 


97 Q 


No. 9. 


Dp. 


fi 


tWr 


do. 


25 


Vo^ *. 


Do. 


If 


M^r 


do. 


26 


No. 1. 


Bar iron jj 


1 in. 


do. 


25 


No. 2. 


Do. 


tt 


1 in. 


do. 


25 


No. 8. 


Do. 


n 


1 in. 


do. 


25 10 


No. 4. 


Dq. 


ft 


1 in. 


do. 


U 1« 


No. «. 


Do. 


r» 


lip. 


do. 


24 IQ 


No. ?. 


Ho. 


n 


Un. 


dp. 


H 


ISfo. 7. 


Dq. 


P 


1 in. 


40. 


25 


No. 3. 


Do. 


ii 


1 in. 


do. 


25 


No. 9. 


Do. 


n 


1 in! 


do. 


25 


No. 10. 


Do. 


11 


1 in. 


do. 


25 


No. 11. 


Do. 


If 


1 in. 


do. 


26 


No. 12. 


Do. 


n 


1 in. 


do. 


25 10 


No. 18. 


Do. 


submitted for 60 hoi^s to a strain of 22 tons, during 






which time the elongati 


on was 1 of an inch. 




The quality of both the plates and bars tested in 
of extra quality. 


these experiments was No. 8, 
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Hot a \mi msGamU at Ab iidieitnit eseellaaaeof say jng iroa aity be 
fiiroiad horn the i^ualitj of ban it it capable of jnodudng and from the 
loBS 9f weight incarred an the piooew of paddUng. Witfaia die iaet hw 
dap the axriter has raoeixred from the manaf^^er of ose ef the hirgeet bar 
iron works in Sootlaad, a ntum of the qnantitj of Scotdi pig iron 
reqaired to make oae ton of puddled bar. He gires 32| cwts. of pig for 
one ton pf refined metal^ Sl| cwts. Itfae refined and |th pig to a ton of 
puddled iron, which is equal to 33} cwts. of pig per ton of puddled iron. 
When the pig is not refined but puddled direct; 234 cwts. are consumed for 
one ton of puddled iron. These figures, from personal experience of some 
yearSy the writer considers to indicate as good a yield as the ScQtdy iron 
is capable of affording. From two separate works using pig iron made 
from Cleveland ironstone the following returns have been furnished ; from 
one, the produce for the whole of 1862, was 22 cwts. qrs. 16 Ib^. of pig 
to the ton of puddled iron, and for the first six njontbe of 1863^ it was 
22 cwts. qrs. 17 lbs. at the same work, llie second establishment gives 
for the year 1862, 22 cwts. qrs. 16 lbs. of No. 4 iron to the ton of puddle 
bar. Tl^ ^osb, therefore, on iron produced from Cleveland ironstone is 
only about 66 per cent, of that when using Scotch iron, ai^d the quality 
of the former is such that the preliminary process of refining; as has beep 
already state4> is all but entirely dispeosed with. 

If any of the forges being, under the circ^mstancief jfutl /s^woerated, 
of recent construction, embrace all the latest improvements. Very 
powerful steam hammers forge down the puddled balls so rapidly into 
UocMse or slabs, that two of these are firequently taken siniultaaeously to 
Ifaa paddling mitt and ipiled eat by '' doufaliBg'' iolo a siagli bar, af 
dimaniknis varying with the suheequent destinaidon nf Ab pnxdoct 

In the puddling furnaces diArent materials are employed in dHhtBot 
localitiei for pcoteetiag the iron bottoms. In some places the plastic 
hea^atite firom Lancashire is the sobstanee used, in others limeetona is 
pve&rred. In most eases, however, ''bull dog," i.#., calcined mill fiumace 
seori9, ground aa4 aMxed firequently with a snail quantity af red ore, is 
found a good oovering. This substance is capable of resisting the corro- 
ding action of puddling pig, which is more rapid than that of lefiAsd 
netal, or a mixture of refined metal and pig. 

The qualities of pig iron used in the puddling iurnacee very with 
oircamstanoes; fojr a fibrous quality of bar, No. 4 forge pig giyee very 
satisfoetory results. A considerable qoai^tity aleo of white and mottled 
iron is worked up in our forges. 
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Finishing mills of great power hare been constructed, capable of rolling 
rails, bars, angle and girder iron of any section, and of the greatest lengths 
produced in this branch of manufacture. Sheets of all kinds and plates 
of the largest dimensions, short of the huge masses of iron now applied 
to our iron-clads, are also turned out, of excellent quality. 

Supposing the make of pig iron in the district more immediately 
connected with the Cleveland ironstone field to have been 66?,000 tons, 
it will probably have been disposed of as follows : — 

Tom. 

For foundry purposes in the neighbonrhood, say 150,000 

For malleable iron 400,000 

Exported elsewhere 117,000 

Total 667,000 

In addition to the ironstone and hematite consumed on the 
East coast, amounting, as we have already seen, to about ... 1,870,000 

There will have been used in pig and bar iron works, and 
foundries of coal, say 2,900,000 

Limestone at the blast furnaces 500,000 



Total weight of materials 5,270,000 

The capital employed in mines, blast furnaces^ and malleable iron 
works will be from two to three millions sterling. 

The annual amount of wages for miners, fumace-men, and 

workmen engaged in the mills, forges, dec , say ... £1,750,000 
The dues paid to the railways for carriage on minerals and on 
iron, will not be far short of 600,000 

The activity imparted to our local iron trade by the recent discovery 
of the Cleveland bed of stone near Middlesbrough has few^ if any, parallels 
in the commercial history of the kingdom. Fifty years ago Staffordshire 
and Wales had reached great eminence as iron-producing districts. Their 
powers sufficed at that time to supply the chief requirements of our 
commerce. Gradually, as this demand increased, their means of pro- 
duction extended, until Neilson's discovery of the hot blast enabled the 
Scotch ironmasters, five-and thirty years ago, to bring their rich black- 
band into competition with the clay ironstone and hematite ores of 
England. 

Enormous as are the quantities of iron produced by the works of the 
localities just enumerated, it must be remembered that their present con- 
dition was the growth of a considerable period of time. Ten years, on 
the other hand, sufficed to place the iron trade connected with the 
Cleveland bed of ore in its present remarkably conspicuous position. 
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The Middlesbrough ironstone was opened oat in the latter part of 1850, 
and in the year 1860 the following numbers indicate the weight of pig 
iron smelted in the districts quoted for the sake of comparison : — 

Tons. 

Northamberlaad, Darham, and the North Riding of York ... 6^8,679 

North and South Staffordshire 616,460 

South Wales 969,025 

Scotland (the whole of ) 937,000 

The figures are firom the Geological Survey. 

This rapid rate of increase in our local trade has been maintained 
without the exercise of any influence of a speculative character. New 
markets had to be sought, increased sources oi consumption had to be 
organized in our own vicinity, and some prejudices had to be overcome, 
before the new brands of this additional iron district were fairly accepted 
as an important contribution to the metallurgical industry of the king- 
dom. Now that this much has been honestly and completely accomplished, 
we may fairly look for a great extension of those local branches of manu- 
facture in which iron plays an important part With our cheap fuel, 
magnificent and improving harbours, and enormous commerce, it is only 
reasonable to suppose that rolling mills, engineering establishments, iron 
ship-building and many other similar undertakings will find a place 
among us, and assist in maintaining, for the North of England, a very 
honourable rank in those industrial communities which contribute so 
largely to the welfare and prosperity of the British empire. 

Clarence Iran Worki, 2(Uh AuguH, 1868. 



c^ 



ox 

THE MANUFACTURE OF STEEL 

fs TH£ NOHTHBBK DISTBICT. 



THOMAS ^PENCER, M.I.M.E. 



The history of the manufactare of steel in this locality commences at a 
very early period 5 for we find that; probably three hundred years a^o^ a 
colony of Germans settled at a place on the rive^ Derwent^ within a few 
miles of this town, and, according to tradition, there established this 
branch of local industry^ where they also attained some celebrity as 
manufacturers of swords and edge tools. The names of these immigrants 
who, it is stated, took refuge in this country that they might enjoy 
religious liberty, were Ole, Mohl, Vooz, £c., and some of whose d'escen- 
dants still reside fn the village where their ancestors originally settled, the 
names being now Anglicised to Oltf^f Mole, &c. The name of this village 
is Shotley Bridge, and in the wall of an old two-storey dwelling-house; 
the original materials of which are hidden under a coat of ** rough-cast^" 
there still exists a stone above the doorway with an inscription, in bad 
German; to the following effect : — 

J>E.S.aCZ3tRXlf-S£CJai*C-2IACHET- WUCH-QMM. 
JOilX • SftRC .-VKAKDV^^GZ^ELCH- IMDZtNETtL 
SXAKP- XRX"\&WVNI)J-LEIS:iC • BIST-YND. 

j>vEST,-w>is.j)ia..JBEEoHXEM- isr- /6a/. 

of which the following is a free translation, showing that the original 
importers of the steel manufacture to this district were probably good 
Lutherans, who had suffered persecution for conscience sake:— *'' The 
blessing of the Lord makes rich without care; so long as you are indus- 
trious in your vocation and do what is ordered you." 
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But there is a much earlier record of these German immig^rants than 
the above, the parish register at Ebchester Church containing an entry, 
of which the following is a fiEU^-simile, traced by the writer, with the kind 
permission of the Rev. O. Stubbs, the incumbent, by which it will be 
seen that the name even then had undergone a change : — 



This reads — ^'Elliner, the daughter of Matthias Wrightson Oley, was 
baptized the 17th day of June, 1628;" and shows also that the grand- 
father of the child then baptized had probably married into a family of 
the name of Wrightson, at that time resident in the neighbourhood, as 
appears by several entries in the parish register of the period, clearly 
marking a third generation. 

In all probability the next works of this nature established in this 
locality were those of Sir Ambrose Crowley, who is described as an iron- 
monger, and afterwards Alderman and Lord Mayor of the city of London, 
and who appears to have commenced a manufactory at Winlaton Mill in 
the year 1691. The names of Landells and Chambers are mentioned as 
being in this trade at an early period, after whom came Cookson, Spencer, 
and others, whose works are carried on at the present time. 

The manufacture of steel, as at present carried on in this district, com- 
prises the following descriptions: — Blistered, shear, spring, and cast 
steel, to produce which the following materials are required:— Iron, 
carbon in the shape of charcoal, manganese, coal, coke, fire-bricks, and 
fire-clay — of these, the iron and manganese are imported into the 
district, the former, for the best qualities of steel, being brought from 
Sweden. The charcoal, coal, coke, fire-bricks, and fire-clay are produced 
in almost inexhaustible quantities, and of most excellent quality, in the 
immediate neighbourhood. A small proportion of the fire-clay, however, 
is brought from a distance for admixture with that found in the locality. 

The mode of manufacture in use here is that known as the cementing 
or converting process, the furnaces used being large enough to contain 
fi>om 10 to about 23 tons of material at one time; this material consists 
of selected iron, and known to the manufacturer as being most suitable for 
the purpose for which it is tdtimately intended. It is placed in the cells 
of the furnaces with bruised charcoal in alternate strata, the whole being 
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covered with a vitreous material to effectually exclude the air, and heat 
is applied for a period of about ei^ht or ten days, according to the degree 
of carbonization required. The mass is allowed to cool for several days, 
and the bars are then taken out in the form of blistered steel. The change 
that has taken place in its structure since it was placed in the converting 
furnace is very marked; for, instead of being of a fibrous nature, it is now 
quite of a crystalline character, and it must be reduced or drawn out 
under rolls or heavy hammers to bring back to it something of its former 
nature. It is, however, used in the blistered state for many purposes, 
such as for welding into hammer faces, and for welding to iron for edge 
tools, and for spades and shovels, although cast steel is now fast super- 
seding its use even for these purposes. Spring steel is made by simply 
reducing with rolls the blistered bars; and shear steel is made by 
repeatedly drawing down and welding the blistered bars. This last- 
mentioned description is also being fast superseded since the introduction 
of mild welding cast steel. 

The most important of what may be termed the secondary processes 
of this manufacture is that for producing cast steel, and it is (among the 
old methods of making steel) of the most recent introduction. Cast steel 
is different from all the other descriptions of steel in its fineness of grain, 
greater strength, and its homogeneity. The first steel used in this 
country partaking at all of the nature of this description of steel was the 
Indian Wootz, which was much prized by users of steel, especially by 
the makers of dies for coining presses, who, it is said, paid the almost 
fabulous price of five guineas per pound for it. The discovery of the 
English method of making cast steel is due to Benjamin Huntsman, of 
Attercliffe, who appears to have arrived at it by a series of experiments. 
He was a clockmaker, and desired to improve the quality of steel for 
clock springs. He was bom in some part of Lincolnshire in the year 
1704, and although his family are said to have been German, he must 
have become thoroughly Anglicised, as he was a strict Quaker. In all 
probability this discovery was made before the year 1760, as it had be- 
come public previous to his death, which took place in 1776, at 72 years 
of age. This process was first introduced into this locality by the late 
firm of Messrs. Crowley, Millington, and Co., at the beginning of the 
present century, probably about the year 1810, who were next followed 
by Messrs. Spencer, of Newbum. Afterwards Messrs. Cookson and Co. 
erected cast steel melting furnaces at their works at Derwentcote, and 
withih the last few years Messrs. Fulthorpe and Co., of Dunston, com- 
menced this branch of the steel trade. Cast steel is produced by break- 
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ing the blistered steel into small pieces^ and placing the same in crucibles 
or melting pots^ capable of containing 36Ibs. to 401b6. weight each, two 
of which are placed in each melting fiirnace. A plentiiul supply of coke 
is now filled intd the furnaces, and by the aid of a strong draught of air 
an intense white heat is obtained, and kept up for three or four hours, 
according to the nature of the steel required. When it is ascertained 
that the steel is perfectly melted, the crucibles are taken out, and their 
contents poured into iron moulds, conveniently placed near, and left to 
stand until in a cool enough state to be taken out as cast steel ingots. 
These ingots are afterwards re-heated and hammered, or rolled, or it may 
be both hammered and rolled, according to the description of article for 
which it is intended to be used. To produce large ingots, a number of 
crucibles, containing liquid steel, are brought out of the furnaces, quickly 
following each other, and a continuous stream is kept flowing into the 
mould. There is scarcely a limit to the size of ingot that may be made 
in this way, as was evidenced by the monster block of steel exhibited by 
Krupp, of Essen, at the International Exhibition in London last year ; 
but great risks are run of getting an unsound ingot, as the least delay in 
getting out every crucible of steel in perfect order might cause a cessa- 
tion of the stream, and thus make an unsound casting. In the year 
1839, a great improvement was made in cast steel by Josiah Heath, by 
the introduction of manganese. 

Having described the various processes that the several difierent kinds 
of steel undergo in its manufacture, it may be useful to notice some of 
the new methods that have been tried in the neighbourhood. 

The method of making steel by the cementing or converting process, 
as already described, may be called the indirect method, because the 
object of the process is to deprive, in the first instance, the pig iron of the 
whole of its carbon, making the product as nearly as possible a pure mal- 
leable iron, and af^rwards imparting to it again the necessary quantity 
of carbon to make it into steel. The new methods seem to aim, for the 
most part, at making steel by a direct process, without depriving the ^g 
iron of the whole of its carbon, and without reducing it into a malleable 
iron condition. This is effected by extracting a large portion of carbon, 
but taking care to leave in a sufficient quantity to make steel, the object 
being to save the great waste of metal attending the puddling of iron, as 
well as the actual cost of that process. Of these last methods the Uchatius 
process is one that was extensively experimented on a few years ago at 
the Newbum Steel Works, and the following is a short description of 
the manner in which the process was carried on. Pig iron, of a first 
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class quolitj; was melted in a reverberatory famace, and run into a tank 
filled with cold water^ where it was reduced into granules; this granulated 
cast iron was mixed with pulverized oxide of iron and some alkaline 
earths^ and the whole put into the ordinary steel melting crucibles^ and 
then placed in the furnaces, to which heat was applied in the usual waj 
until it was brought into a fluid state. Bj this method it was thought 
that the degrees of hardness of the steel was capable of being regulated 
bj the size of the granules, and bj the quantity of oxides used, but after 
a great number of experiments, at a cost of little under a thousand 
pounds, on attempting to work it in large quantities, it was found that 
the product was so uncertain in the qualities necessary to good steel 
that the process was altogether abandoned. This irregularity of the 
produce was probably caused by the uncertain quantity of carbon in the 
pig iron used. 

A method of making ^' puddled steel" has been tried in this locality, 
but without success. This process was a patented inrention of Riepe, a 
German, and consists in puddling cast iron, in a furnace constructed 
specially for the purpose, until it is observed to be in the condition of steel. 
This state is found to exist when a particular form of bubble appears on 
the iace of the metal. 

The Bessemer process of making steel has also been introduced into the 
district, at Tudhoe, near Ferryhill, but with what success the writer is not 
able to say. The operatioit, as is generally known, consists of blowing 
atmospheric air through a mass of melted east iron until the carbon and 
the whole of the impurities of the iron are burnt out of it. This process 
was so ably described by Mr. Bessemer himself, at the meeting of 
the British Association, at Cheltenham, that it is unnecessary to give a 
detailed description of it here, but it may be mentioned, that he com- 
menced by extracting only a portion of the carbon, intending to leave a 
sufficient quantity to produce steel, but the difficulty of adjusting the 
exact amount finally led him to extract the whole, and afterwards restore 
the exact quantity requisite by adding a measured amount of highly 
carbonized cast iron. Experiments in making cast steel from the Taranaki 
sand from New Zealand, and also from another similar sand from the 
coast of Italy, have been tried at Newburn, with a result of getting an 
excellent quality of steel ; but, although yielding about 51 per cent, of 
metal, the cost of its production, without including anything for the value 
of the sand, was so great, that it would not answer commercially. It may 
be mentioned that this description of metallic sand appears to possess the 
remarkable property of not becoming oxidized when kept in a moist 
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condition ; and the writer would call the special attention of chemists and 
metallurgists to the fact, with the view of arriving at (what would he an 
invaluable discovery) the production of iron or steel that would not be 
subject to the destroying action of the oxygen of the atmosphere. 

The articles manufactured from steel in this locality are very numerous,^ 
amongst which may be mentioned railway axles, tyres and springs, piston \ \ 

rods, motion bars, and files for engineer's use, rings for Blakeley guns, I V,' ^ x^ ^ 
shot, &c., the great bulk of tonnage being railway springs of rarious |5/^ 
kinds — ^buffing, bearing, and traction, in the laminated form, as well as 
the volute spring originally made in this country at Newburn, and of 
which there have been many hundreds of thousands made within the last 
few years. The rings supplied for guns made in this district have been 
pronounced by the consumers superior to any others. A firm, in this 
locality, has been appointed makers of springs for Mr. W. Bridges Adams' 
patent for the application of circular springs between the tyre and the . 
frame wheel for all kinds of rolling stock on railways, and it is stated that / 
springs applied in this manner effect an increased durability in Stafford-/ 
shire tyres of 50 per cent, over Krupp's cast steel tyres without the springs] 

The estimated annual value of the steel manufactures of the district is 
about £100,000, giving employment, at the present time, to about 300 
persons, and consuming annually about 15,000 tons of coals. There are 
in the district nine converting furnaces and 52 cast-steel melting furnaces. 
The following is a list of the firms possessing those furnaces : — Messrs. 
John Spencer and Sons, Newburn, 6 converting and 36 melting furnaces; 
Messrs. Gookson and Co., Derwentcote, 1 converting and 6 melting fur- 
naces ; Messrs. Fawcus and Co., Swalwell, 2 converting and 6 melting 
furnaces ; Messrs. Fulthorpe and Co., Dunston, 6 melting furnaces. 

As far as can be ascertained, it would appear that the number of 
persons employed in this trade in 1838 would be from 70 to 80, and the 
weight of steel produced annually at that time would be about one-ninth 
the quantity now produced. The prices of steel range from about £18 
to £112 per ton, according to the description, the quality, and the size. 

This district is highly favourable for the development of the manu- 
fistcture of steel of the best quality, owing to the facility and cheapness 
with which a supply of iron can be obtained from Sweden — freights 
frequently being as low as 3s. 6d. per ton — and also owing to an abundant 
supply of cheap fuel and labour in the neighbourhood. The business 
requires, however, the most vigilant attention of thoroughly practical and 
experienced persons in its management to attain any considerable amount 
of success. 
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LEAD MINING DISTRICTS. 

The mining districts are chiefly situated in, or near, the centime of that 
narrow portion of Great Britain, which is formed hy the counties of 
Northumberland, Durham, Cumberland, and Westmorland, and may he 
considered as being nearly in the central portion of the whole island, 
being situated midway in its length from north to south, as well as from 
east to west, between the German Ocean and the Irish Channel. 

Under the level lands which lie near to the eastern and western 
coasts, the upper portion of the carboniferous series of rocks contains 
numerous and valuable beds of coal. From beneath the coal strata, the 
"lead measures," as they are locally termed, that is to say the several 
beds of limestone and other rocks in which veins of lead ore are chiefly 
found, gradually rise in a westerly direction, with an inclination exceeding* 
that of the general rise of the Surface, until they bassett or crop out at 
the surface of a wide range of country, reaching their highest elevation 
at the mountain of Cross Fell, in Cumberland, and other adjacent fells or 
mountain moorlands, which extend in a north and south direction so as 
form a western limit to -the lead mining districts. 

The strata which extend between the outcrop of the lowest of the 
coal strata and the Cross Fell ridge of mountains, are well known in the 
district as the carboniferous, or mountain-limestone formation, so called 
from the abundance of coal nearly associated with them, and from the 
numerous beds of limestone which prevail. These lead mining strata lie 
nearly midway in the series of formations which are found in England^ 
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being as much below the Tertiary beds of the south east part of the 
isiand, as they are above tbe Silurian rocks on the borders of Wales. 

A lofty range of elevated land extends from the borders of Scotland 
to Derbyshire, occupying from 20 to 30 miles in breadth, of the middle 
portion of the North of England. In many parts of this range of hills 
extensive lead mines are found, which may be classed under the following 
districts : — 

Ist. Mining districts connected with the River Ttnb and its 
tributaries, the Nent, East and West Allen, and the 
Derwent, namely : — 
Alston Moor, in the County of Cumberland. 
East and West Allendale, in the county of Northumberland. 
Blanchland and Derwent Valley, in the same county. 
In addition to these, which form, as it were, distinct mining 
territories of considerable extent, other valuable mines in 
detatched places have been discovered, and are extensively 
worked in the valley of the Tyne. 
2nd. The extensive mining district of Weardale, in the upper 
part of the valley of the River Wear, and its tributary 
valleys of Burnhope, Kilhope, Welhope, Ireshope, Rook- 
hope, &G. 
3rd. Another extensive district in Teesdale, in the upper part of 
the valley of the River Tees, the mines being situated 
chiefly in the county of Durham, and partly in Yorkshire, 
and for the most part worked by the London Lead Co. 
The geographical position of these districts may be readily understood 
by referring to ordinary maps of this part of England, and by assigning 
to the upper part of the Rivers Tyne, Allen, Wear, and Tees, an area 
extending about 20 miles from their respective sources, and in the Der- 
went a range of about 10 miles from its source. This would roughly 
I indicate the position of the principal mines. 

GEOLOGY OF THE DISTRICTS. 

i In any view of the history of mining it is impossible to overlook its 

connection with geological conditions, on which the very existence of the 
mines depends. The mind is thus carried back to a remoteness of time 
for which an adequate expression has not yet been defined. The deposi- 
tion of regularly stratified rocks over a large area of country, exhibits 
proofs of gradual progress extending over enormous periods of time. 
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Midway in this vast period, we find, in certain parts of the North of 
England, evidences of volcanic action, which has interposed basalt among 
the strata of sandstone, shale, and limestone. The results of this pro- 
trusion, not only affect the subterranean operations in mines, but they 
also appear prominently at the surface, and ^ve rise to some remarkable 
features of the scenery. 

The " Whin Sill," as it is locally termed, interrupts the gradual flow 
of the River Tees by a barrier, over which that river falls at High Force^ 
near Middleton-in-Teesdale, and it is the cause of the romantic cataract 
called the Cauldron Snout, near the source of that river ; precipitous 
cli& of basalt, near Holwick, were formerly connected by a chain bridge, 
one of the first — if not the earliest — of that construction in Europe. The 
same overflowing of basalt, which occasions these and other striking 
features of landscape scenery in Teesdale, extends in a north-eastern 
direction, and occasionally forces itself on the attention by the manner 
in which it seems to have invited the erection of works of art; this rock 
by its greater hardness, having withstood the abrading action which 
wore away the softer rocks, presents a firm foundation for buildings 
designed to be as strong as possible. Thus, for a considerable distance 
along the line of the Roman Wall, we find that the direct course from 
Chesters to near Haltwhistle was forsaken, and the wall built further 
north on the ^summit of precipitous crags of basalt. The pleasure 
grounds of the Duke of Northumberland, at Ratcheugh, near Alnwick, 
afford an example of the protrusion of this rock. Dunstanborough 
Castle, Bamburgh Castle, and Holy Island Castle may be mentioned as 
interesting places on this account. But the underground occurrence of 
basalt concerns still more nearly the practical operations of the miner, 
and involves much costly labour. 

HISTORICAL NOTICES. 

Old writers on mines and mining, were seldom content to rest with a 
less remote antiquity than Creation itself; and it curiously marks the 
state of geological science, even so late as 1670, when Sir John Pettus 
wrote his History, Laws, and Places of the Chief Mines and Mineral 
Works in '^ England, Wales, and the English Pale in Ireland." The hills 
and dales were treated of by him as having been watery billows formed, by 
the breath of the Almighty, into hills and valleys, which, says the writer, 
^' have ever since continued in these wonderful and pleasant dimensions." 
The same quaint writer speaks of Adam, not only as a miner, but also as a 
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refiner, (jbc, and nothing^ he adds, shows wisdom more than the getting 
of gold by proper courses. The allusions made by some of the early 
writers to the getting of gold, and the minute directions which they give 
for the washing of gold found on the sur&ce, warrants a belief that this 
precious metal was formerly prevalent on the surface, and it is by no 
means unlikely liiat its greater abundance in ancient than in modern 
times, was one of the attractions which led to the peopling of the island 
by strangers, and that Britain was, in ancient times, to Rome and other 
nations, what Caliiomia and Australia are in our day ; certain it is, that 
gold and silver have from early times been specially reserved by the 
Grown, and some remains of this are still apparent in the state of the law 
relating to treasures of these metals found under the sur£Ekce of the earth. 
Owing to many circumstances, Alston Moor is best known as a 
lead mining district It has been open to public enterprise, and it 
forms a good type of the general condition of the lead mining districts. 
Of its early history, little is known. Its occupation by the Romans is 
attested by the extent and perfect preservation of some of their large 
works, and the position of the mineral veins in it and the adjacent dis- 
tricts, is such as to render it probable that lead veins were observed 
and worked. The formation of the military road, called the Maiden 
Way, must have exposed to view the mineralogical character of the 
rocks over which it passed, and the lead found in the Roman station at 
Whitley, was probably obtained from the immediate vicinity. Traces of 
ancient smelting places exist, as may be inferred from the scoriae yet to 
be found, but of any detailed operations or exact localities there are not, 
that we are aware of, any records. It is not until about six centuries 
ago, that any light appears by which to judge of the state of the mining 
i districts, and even then, and for some centuries after, few and far between, 

I and vague and undefined, are the indications of lead mining. The inse- 

curity of property at that time, the more especial uncertainties of Border 
property, for even then the Kingdom of Scotland included Cumberland, 
although the mining rights were claimed by the English Crown. In the 
time of Henry IV. a lead mine is mentioned as having been in Essex, 
and Sir John Pettus enumerates the following counties as producing lead 
ore containing silver, viz., Devonshii*e, Gloucestershire, Worcestershire, 
Staffordshire, Leicestershire, Cheshire, Derbyshire, Lancashire, Cumber- 
land, Northumberland, Yorkshire, Bishopric of Durham, Flintshire, 
Denbighshire, Shropshire, Caernarvonshire, Merioneth, Montgomery, 
Carmarthen, Brecknock, Monmouth, Buckinghamshire, and Dorsetshire. 



130 

From this it may be seen that for a long period^ lead mining operations 
have been extensively spread over a great part of England and Wales, 
whilst in Scotland, the chief works were almost entirely confined to 
Leadhills, a place were gold was formerly obtained in some abundance. 
More accurate records would probably throw further light on the question, 
whether in mining districts in the southern parts of the island gold was, 
or was not, among the early inducements to search for hidden treasures. 

In Sir John Pettus' definition of poor mines, and of rich mines, or 
'^ Mines Royal," he states that where the ore digged from any mine doth 
not yield, according to the rules of art, so much gold or silver as that the 
value thereof doth exceed the cost of refining, and loss of the baser m etal 
wherein it is contained, or from whence it is extracted, then it is called 
poor ore, or a poor mine. 

On the contrary, where the ore digged from any mine doth yield, 
according to the rules of art, so much gold or silver as that the value 
thereof exceeds the charges of refining and loss of the baser metal in 
which it is contained, and from which it is extracted, then it is called rich 
ore, or a ^^ Mine Royal," and it is appertaining to the King by his pre- 
rogative. In this we have the definition of the limits within which it 
appears the mines of Alston were included as mines royal, and the 
importance of which, is prominently marked in the several charities which 
the Kings of England, in several successive reigns, conferred by virtue of 
that prerogative. 

Sir J. Pettus states that the mines in Devonshire, Somersetshire, and 
Cornwall were wrought by the Romans, who in the period of 300 or 400 
years that they occupied the mining districts of the North of England, 
doubtless exercised their knowledge of the art, and Csesar expressly 
mentions that one reason of his invading the Britons was, because they 
assisted the Oauls with the treasures with which their country did 
abound. It appears, moreover, that in these times and long after, the 
practice was to condemn to the mines, those who had committed any 
heinous ofience against the laws of the land. 

In the beginning of the fourteenth century (1304), mention is niade 
of indemnities granted to miners in Cornwall, and liberty to turn water- 
courses for their works at pleasure. Thirty years later, certain mines of 
lead, mixed with gold and lead ore^ are mentioned in Shropshire. '' A 
concealed mine of gold " is referred to (1401) in a letter of Mandamus, and 
in 1426, Henry YI* granted to John Duke of Bedford ^^ all mines of gold 
and silver within his Eangdom of England for 10 years, paying the tenth 
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part to the Holy Church, to the King the fifteenth^ and to the lord of the 
soil the twentieth part." In 1438, the same King granted to John Sellers, 
all mines of gold and silrer in Devon and Cornwall, and all mines of lead 
holding silver and gold, to hold (from the expiration of twelve years, 
formerly granted to the Duke of Bedford) for 20 years, paying the fifteenth 
part of pure gold and pure silver. In 1451, the same King made his 
chaplain, John Boltwright, comptroller of all of his mines of gold and 
silver, copper, lead, <£;c., within the counties Devon and Cornwall, and in 
the following year, the same Boltwright is mentioned as ** provost and 
governor of all his mines," and a grant was made to him of all mines of 
copper, tin, and lead in Devon and Cornwall, to hold during his good 
behaviour, paying the tenth part of pure gold and silver, copper, tin, and 
lead, with power to let and set for 12 years, paying to the King the tenth 
bowl of ore, &c., holding gold or silver, and to dig without interruption, £c. 

These notices, some of them referring to mines generally, and others 
only as contained in certain counties, are curious as showing the manner 
of the Crown's disposal of them. The constant mention of gold and silver 
is quite different to any mining conditions of modem times, and the 
limited periods of 10 or 12 or 20 years, would seem to imply that no large 
works were contemplated ; the continued security for a long period, under 
which alone extensive and deep mines can now be worked, not being 
required in virgin mines where the readiness of the implements and 
machinery were adapted only for operations of an inconsiderable depth. 

In 1468, Edward IV. granted to Richard Earl of Warwick, John Eai-1 
of Northumberland, and others, all mines of gold and silver, £o., on the 
north side of Trent, within England, and all mines of lead holding gold 
or silver in the same parts for 40 years, paying to the King the twelfth 
part of pure gold and silver, and to the lord of the soil the sixteenth part, 
with liberty to dig, except under houses and castles, without licenee. 

In 1475, the same King granted to Bichard Duke of Gloucester, 
Henry Earl of Northumberland^ and others, the mines of Blanchland 
called Shildon, in the county of Northumberland, and the mine of Alston 
Moor, called Fletcher's, the mine of Keswick, in Cumberland, and the 
copper mine near Richmond, to hold the same for 16 years, paying to the 
King the eighth part, to the lord of the soil the ninth part, and to the 
curate of the place a tent]\ part as they arise. 

In 1478, the same King granted (on surrender of the former grants) 
to William Goderswick and Doderick Waverswick all mines of gold, silver, 
copper, and lead in Northumberland and Westmoreland, to hold the same 
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for 10 years, paying to the King a fifteenth part, and to the lord of the 
soil and to the curate as they can agree. 

In 1486, Henry VII. by his letters patent, dated February 27th, 
made Jasper Duke of Bedford and other Earls, Lords, and Knights 
Commimaners and Governors (a designation retained until very lately in 
the direction of the Estates of Greenwich Hospital) of all his mines of 
gold, silver, tin, lead, and copper in England and Wales, to answer the 
profits to the Kjng, and made Sir William Taylor, comptroller, to hold 
the same for 20 years, with liberties of court and other privileges, paying 
to the King the fifteenth part of pure gold and silver, and to the lord 
of the soil the eleventh part as it grows. 

For a period of about 50 years following the appointment of this 
Commissioner in the reign of Henry VII., very little appears to have 
been done, and in the third year of the reign of Queen Elizabeth 
a society was appointed, entitled the society for the mines royal, to whom 
a grant of gold, silver, and copper was given within the counties of York, 
Lancaster, Cumberland, Westmoreland, Cornwall, Devon, Gloucester, and 
Worcester, as also in Wales, with liberty to grant and assign parts and 
portions. The various laws and regulations of this and similar societies, 
do not throw any light on the local details of mining. The general 
rate of duties and conditions of the North of England lead mines, in the 
above periods, can only be inferred irom the probability of their having 
been included in some of the grants already recited. 

In other lead mining districts, we find more minute details of local 
customs ; such, for example, are the laws of the lead mines of Derby- 
shire, and Mendip in Somersetshire, but we find no trace of any of these 
peculiar customs having prevailed in Alston or the adjacent districts. One 
of the Derbyshire customs, or regulations, is curious enough — " If any 
blood be shed upon the mine, the author shall pay 5s. 4d. the same day, or 
else, shall double the same every day till it come to 100s. ; 5s. 4d. was also 
the apparently moderate penalty in case of underground trespass. The 
laws and customs are described as being those of the mine used in the 
highest peak, and in all other places through England and Wales." The 
miners sued that the King ^' would confirm them by charter under his 
Great Seal, by way of charity and for his profit, forasmuch as the afore- 
said miners be at all times in peril of their death, and that they have 
nothing in certain but that which God of his grace will send them." 

The information to be thus gleaned is scanty enough, and does not 
admit of being woven into a connected narrative; yet it indicates the scale 
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of payment to the several parties concerned^ the shortness of the term for 
which grants were made^ the absolute right of the Crown, and the 
participation of a portion of the revenues of the Church. The miners of 
Alderston or Alston had royal protection granted in 1233^ again in 1236^ 
and again in 1237. In 1282, the manor of Alderston was granted by 
Edward I.^ to hold in fee of the King of Scotland, reserving to himself 
and to the miners various privileges, especially such as belonged to the 
franchise of Tindale, within which Alston was then comprised. 

The details of grants and charters more immediately relating to Alston, 
appear to correspond in general terms with those more general grants 
which we have specified, as elucidating the early progress of mining in this 
kingdom generally. In 1333, several of the privileges above alluded to 
were confirmed to Robert, son of Nicholas de Yeteripont, and in the 
following year, some further liberties were confirmed, from which it appears 
that Alston, at that period, had not only mines but a mint These and 
some other details are contained in a brief account of the mining districts, 
which one of the writers drew up more than 30 years ago, when residing 
in Alston Moor. 

The ancient names of parks and forests, which occur in these northern 
mining districts, as applied to extensive tracts of land which are now* 
treeless, are worthy of mention, as they indicate in a striking manner 
the abundance of forest timber which once adorned the now nearly tree- 
less districts under consideration. In 1200, Patric of the Oill and 26 
other miners were empleaded by Henry de Whitby and Joan his wife for 
cutting down their trees at Aldeneston by force and arms, and carrying 
them away, to the value of £40. The miners claimed that they held the 
mine of the King and were privileged to cut wood. The context 
sufficiently indicates that there had existed in former times vast quantities 
of wood, that it was extensively used for the mines, and that the county 
was thus rendered bare and treeless^ in which state, only too much of it 
yet remains. 

Another intimation contained in these ancient records, leads to the 
supposition that mining cases were at one time subject to the decision of 
juries of miners, similar to those which existed in other parts of the 
kingdom, and the proceedings of such juries, one of the writers had occa- 
sion to investigate more closely in connection with the Forest of Dean. 

Alston Moor afterwards became the property of the Hyltons, of Hylton 
Castle, in the county of Durham, and a lease was granted in 1611 for 
999 years by Henry Hylton, subject to the payment of certain rents which 
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amounted to £64. In 1629, the manor was sold to Sir Edward Radclifie 
for £2600, and it remained the property of that family till the confiscation 
of the estates of James Earl of Derwentwater in 1716. It was granted 
by the Crown in 1734 to the Royal Hospital for Seamen at Greenwich, 
and has ever since remained in the possession of the Commissioners in 
trust for that institution. Adjoining estates have subsequently been 
purchased and added to the original tracts of land so given. 

It would be a work of some labour to extend these notices to the 
details of property and succession in the several other districts. The 
only practical result would be to discover a period when general and 
undefined royal rights were gradually brought into narrow compass by 
increasing population, and when mining was doubtless encouraged by 
liberal immunities granted to miners. It would be difficult to pursue in 
any minuteness the gradual advance of improvement, and of distinct 
rights of property over clearly defined districts. The royalties of Allen- 
dale passed into possession of the Fenwicks, of Wallington, of the 
Blacketts, and eventually of the family of the present possessor, Wentworth 
Blackett Beaumont, Esq., M.P. The Weardale mines are held under 
lease by the same owner from the Ecclesiastical Commissioners. The 
inines in Teesdale belong to various lords, of whom the Duke of Cleve- 
land is the chief, and at, and near Blanchland, in the valley of the 
Derwent, the royalties belong to H. Silvertop, Esq., and other proprietors. 
It is interesting to mark how the former vague and uncertain mode of 
mining in these lead districts was replaced by more exact methods, and we 
apprehend that such a period of change may be distinctly traced in the 
supervision of that great engineer Mr. Smeaton, who was for a time the 
agent of the lead mining properties of Greenwich Hospital in this 
district. It is certain that one great work which he projected and 
commenced at Alston, in 1775, gave a new stimulus to mining. This 
was the Nent Force level, a work of great magnitude, of vigorous 
conception, well adapted to the then existing state of information, and to 
the imperfect state of engines where great power was required. In the 
present day an equal amount of exploration and drainage may be pursued 
by the use of hydraulic engines wholly worked by water. About the 
same period, the progress of mining in Allendale owed much to the 
ingenuity of Mr. William Westgarth, who first introduced water pressure 
engines. The generous interest taken by Smeaton in the promotion of so 
useful a discovery, may be seen by his communications to the Society 
of Arts. The minute details of the construction of Mr. Westgarth's 
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engine are contained in the early volumes of the Transactions of that 
society. '' The old man " is the local phrase by which ancient mining 
excavations in these districts are described. The greater or less abun- 
dance of produce of lead was scarcely matter of public interest, nor 
were the fluctuations of price felt by the general public as in the case of 
coal. Carried on in remote districts^ which^ until half a century ago^ were 
in many places almost inaccessible except on ponies^ it is not surprising 
that few details of the local history of lead mines, of an authentic and 
detailed character exist ; or that, we have only meagre traces of a secluded 
district, and of a people shut out in a great measure by their occupation, 
even from the few dwellers on the surface of their own remote dales. 

METHODS OF WORKING LEAD MINES. 

The earliest method of working lead mines, appears to have been by 
shafts, and by following the surface indications of ore downwards. The 
driving of levels for drainage in Dean Forest, was of later origin, and 
probably so in the other mining districts of the kingdom. The work was 
drawn to the surface in kibbles or small tubs, and some of the smaller 
pits on the bassett of inferior beds of coal, now present, what probably was, 
the appearance of a respectable mine in the infancy of such operations. 
The general use of levels or galleries large enough to admit of horses 
travelling in them, is said to have been introduced into the lead mining 
districts, by Sir Walter Calverly Blackett, about 120 years ago ; but the> 
example was not, as we believe, followed for many years by other mine 
owners. Cast iron rails instead of wood, were first used in Nent Force 
level. Tin pipes were first used for ventilation by Low, Carlisle and Co. 
at Tyne bottom mine. Mr. Stagg introduced iron pipes at Rampgill, and 
Mr. Dickinson first used lead pipes for the purpose of ventilation in the 
Nent Force level. Any of these materials were an improvement on the 
wooden boxes, which rapidly decayed, and so rendered the air impure, 
and which, moreover could with difficulty be kept water-tight. 

In concluding this part of our Report, one prominent feature may 
be mentioned, viz., the work called the Blackett Level, commenced by 
W. B. Beaumont, Esq., M.P., in his manorial property in East Allendale. 
The shafts on this work were commenced in 1855, and the adit level, 
near Allendale Town, was begun in 1859. The entire length, when com- 
pleted, will be nearly seven miles. 

At three of the shafts, and also at the Allenheads mines, are several 
extensive adaptations of the improved hydraulic engines invented by 
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Sir Wm. Armstrong, and particularly described by him at the meeting of 
Mechanical Engineers held in this town. 

STATISTICS. 
The quantity of lead ore raised in this northern district, and smelted 
in the different mills, in 1861, according to Hunt's Mineral Statistics, 
was as follows : — 





LMUlOXO. 

Toni. 


LMd. 

Ton*. 


Silver. 
OnncM. 


Durham and Northumberland . 


.. 19,636 .. 


. 16,262 . 


.. 78,266 


Cumberland 


.. 6,324 .. 


. 4,6U . 


.. 87,116 


Westmoreland 


.. 2,392 .. 


. 1,676 . 


.. 21,214 


Yorkflhire 


.. 8,801 .. 


. 6,208 . 


.. 8,660 




37,053 


27,646 


140,244 



And the following tables furnish several details of the production of lead 
in the counties of Cumberland, Northumberland, and Durham. 
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Lead Obb, Lead Am) Silveb, the Pboduge of Cxthbebland fob 
10 Teabs Ended 1862. 



Tean. 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 



Ijead Ore. Lead. saver. 

Tom. Owta. Tona. Cwtg. Oiuic«8. 

... 8,410 17 5,877 15 52,893 

... 8,343 19 5,619 9 60,000 

... 9,890 18 6,662 16 42,020 

... 9,627 18 ...... 6,929 17 62,879 

... 7,811 8 5,821 1 51,931 

... 6,460 4,711 8 48,460 

... 7,235 13 6,207 14 43,721 

... 7,180 9 6,250 14 39,406 

... 7,041 10 6,130 7 32,806 

... 6,324 9 4,614 13 37,115 

... 7,173 13 5,241 10 41,911 



Lead Obe, Lead ajstd Silveb, the Pboduge of Dxtbhah and 

KOBTHUMBEBLAND FOB THE 10 TEABS ENDED 1862. 



YeuB. 

1852 
1853 
1854 
1865 
1856 
1857 
1858 
1859 
1860 
1861 
1862 



Lead On. Lea 

Tom. Cwta. Tons. 

21,594 3 16,978 

19,287 16 15,041 

22,329 15 16,669 

22,107 18 16,309 

24,126 7 17,674 

21,680 1 17,073 

19,999 2 16,776 

19,571 14,568 

20,200 12 15,186 

19,536 16 15,262 



I. 8UT«r. 

Civts. Ounces. 

11 191,736* 

4 140,000* 

18 78,577 

19 75,435 

11 79,924 

14 74,091 

7 78,238 

74,222 

84,254 

17 78,266 



21,177 18 16,464 82,864 



Fboducb of Lead in the Teabs 1846 to 1861^'iNCLUBiyE in the 

00X7NTIE8 of CUUBEBLAND, DUBHAM, AND KOBTHUMBBBLAND. 











KOBTHVMBEI 


CLANI 


T«u. 


Tom. 


Owta. 


Yetf. 


TOM. 


Cwta. 


1846 


6,861 





1846 ... 


... 10,248 





1846 


6,666 





1846 ... 


... 10.284 





1847 


5,702 





1847 


... 12,246 





1848 


6,684 





1848 ... 


... 13,178 





1849 


6,327 




1849 ... 


... 14,066 


6 


1850 


6,860 




1860 


... 15,840 


3 


1861 


6,383 




1861 


... 16,488 


12 


1862 


6,877 


16 


1862 


... 15,978 


11 


1858 


6,619 




1858 ... 


... 16,041 


5 


1864 


6,662 




1864 ... 


... 16,684 


4 


1856 


6,929 


17 


1866 


... 16,309 


19 


1866 


6,321 




1856 ... 


... 17,674 


11 


1857 


4,706 




1857 ... 


... 16,973 


16 


1868 


5,168 




1858 ... 


... 16,816 


2 


1869 


6,260 


14 


1859 


... 14,883 


1 


1860 


5,119 




1860 ... 


... 16,208 


2 


1861 


4,681 


8 


1861 


... 16,286 


6 


1862 


6,241 


10 


1862 


... 16,464 






SMELTING PROCESSES. 
Various important improvements have been introduced into the treat- 
ment of lead ores ; among which we may mention the substitution of 



* The Westmorelaad Bilver is indnded in these quantitieB. 
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the Spanish Economico-iurDace for the slag hearth, bj means of which a 
better produce of lead is obtained from the reAise products of the mills. 
This Spanish furnace is a miniature blast furnace covered at the top^ from 
which a flue conveys the fumes to the condensing chambers^ or chimney. 

Another improvement, introduced since 1889, is the celebrated desil- 
verising process of the late Itf r. H. L. Pattinson, by which large quantities 
of both lead and silver have been saved. This process is now so well 
known that it is not necessary to describe it on the present occasion, 
as it was Ailly explained in a previous report to the British Association. 

A third improvement is the conversion of hard into soft; lead by the 
process of calcining, introduced by Dr. Bichardson, at Blaydon, in 1840. 
This process consists in exposing the hard lead in a melted state to a current 
of hot air, by which the antimony and other impurities are oxidized. The 
oxides float on the surface of the molten lead and are skimmed off from 
time to time. This operation is continued until a sample of the lead 
drawn from the frumace is found to be soft and malleable. The late 
Mr. George Burnett, junr., applied this process to the softening of Spanish 
lead, and employed a large metal pan, set inside the fiimace, in which this 
hard lead is melted. This improvement has been the means of developing 
a most extensive trade between this country and Spain. The Spanish 
ores on the east coast of Spain are smelted with the fuel exported from 
this country, and the hard lead is brought here to be softened and refined. 
The following table shows the gradual development of this trade. 

Imports of Lbad into KswoASTLB-ON-Trins. 



1844 ... 


Toub. 

218 


1864 


... 6,634 


1846 ... 


1,483 


1866 


... 3,728 


1846 ... 


3,969 


1866 


... 3,891 


1847 ... 


2,276 


1867 


... 4,877 


1848 ... 


1,697 


1868 


... 4,871 


1849 ... 


8,95a 


1869 


... 9,069 


1860 ... 


7,287 


1860 


... 9,373 


1851 ... 


11,915 


1861 


...12,284 


1862 ... 


7,317 


1862 


...12,469 


1868 ... 


7,421 







This hard lead contains on an average about 60 ounces of silver per 
ton, so that the quantity of silver extracted on the Tyne is now upwards 
of 600^000 ounces per annum.* Several improvements have also been 

* The total imports of lead into this country, in 1861, were 23,109 tons, of which 
a considerable proportion was from Linares, in Spain. This lead contains very 
little silver, and the average contents may be therefore taken at 40 ounces per ton 
on the total imports. 

The total production of British mines in 1861 was, lead 66,643 tons, and silyer 
. 663,731 ounces. Hence the imports and production of these metals, in this district, 
amount to 46 per cent, of the lead, and upwards of 60 per cent, of the silver of the 
whole trade of Great Britain. 
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introduced for condensation of the fumes evolved in the various smelting 
and refining operations to which lead is submitted. The first^ in point 
of time^ is the horizontal flue or chimney^ which was first used by the 
late Messrs. Grawhall and Johnstone, in Mr. Beaumont's extensive mills. 
These flues are built of masonry^ 8 feet in height and 6 feet wide. The 
aggregate length of the flues, in the mills belonging to Mr. Beaumont, is 
9 miles. 

Another plan, adopted in the mills of the London Lead Company, 
is* the invention of the late Mr. Stagg. It consists in drawing the entire 
gaseous products of the furnaces through water, by means of powerfiil 
pumping machinery. The lead fume is completely condensed, and 
easily separated firom the water, on being allowed to collect and remain 
at rest in suitable tanks. 

Mr. Stokoe's plan has been introduced at Langley and other smelting 
establishments. In this plan, the lead fiimes are driven by a fan blast 
through a series of ascending and descending columns, partially filled 
with brushwood on pebble stones, down which a stream of water falls, 
to condense the lead fiimes. The water collects in tanks at the bottom 
of the columns, and the fume is allowed to subside. 

We have heard that a small quantity of pure ore is reduced in 
crucibles by means of iron, similar to the process employed in treating 
antimony ore, with the object of obtaining a lead of great purity for the 
production of red lead, to be used in the manufacture of flint glass. 

MANUFACTURING PROCESSES. 

This locality has long been celebrated for its manufactured leads. 
The first establishment is said to have been commenced about a century 
ago, and those at the Ouseburn and Gallowgate were erected about the 
year 1799. 

WHITE LEAD. 

The greater portion of this article is manufactured by the old Dutch 
process, and we have no important improvement to notice. The leviga* 
tion is conducted with improved machinery, and the yield of white lead 
has increased with a greater attention to the conditions necessary to 
insure a more perfect corrosion of the lead. 

Mr. Pattinson's beautiful process for making oxychloride of lead is 
worked at Washington. This plan consists in decomposing lead ore by 
hydrochloric acid, when a pure chloride of lead is easily obtained. This 
substance is then partially decomposed by an earthy base, leaving an 
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amorpbons ozjchloride of lead behind, wbich is used vd tbe same way as 
ceruse, or white lead. 

BED LEAD, &c. 

The manti&cture of orange and red lead, and litharge, is still con- 
ducted in the same way, but in every case with improved and more 
effective machinery. 

SHEET LEAD AND PIPE. 
The manu&cture of these articles has largely increased, and much 
more powerful machinery has been introduced, by which the sheet lead 
is now made of a greater wid^ than formerly. Messrs. Walker, Parker, 
and Ck>. manufacture a tinned lead pipe, which admits of its use in many 
cases where a leaden surface would be objectionable. 

SHOT 

Has been long manufactured here. The Shot Tower is a striking object, 
which is seen towards the west of the town, on the banks of the river. It 
was erected at the close of the last century, to carry out the patent process 
of Mr. Watts. A short time afterwards, the late Mr. Burnett, with great 
shrewdness, substituted an old pit shafl at Wylam for the purpose of 
casting the shot. 

The manufacture of shot embraces several interesting processes, but 
as no recent improvement has been introduced, we must limit our remarks 
to the above brief historical notices of this branch of manufactured leads. 



STATISTICS. 
From the information which has been kindly furnished by Messrs. 
Forster, Leithart, and Parker, we are enabled to give the following 
details of the quantities of these articles made in this district : — 

Toiu. 



White lead and paint 


... 7,600 


Bed lead 


... 4,600 


Litharge 


.. 800 


Sheet lead 


... 4,600 


Lead pipes 


.. 1,600 


Shot 


... 760 



19,660 
COPPBB. 
The smelting of ores of copper in this locality is of recent origin, and 
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is due to the importation of cupreous pyrites^ which is used by the alkali 
makers for the manulacture of sulphuric acid. 

The chief supply is obtained from Spain, but the pyrites which arrives 
from Cornwall, Ireland, and Sweden, also contains copper. The following 
analysis, by Messrs. Browell, Clapham, and Marreco, exhibit the com- 
position of these sulphur ores : — 



Solplinr 


... 84-346 ... 


... 47-41 ... 


... 48-62 ... 


... 88-06 


Iron ... ' ... 


.. 82-200 ... 


... 41-78 ... 


... 40-20 ... 


... 42-80 


Copper 


... 0;800 ... 


... 1-93 ... 


... 8-12 ... 


... 1-50 


Lead 


... 0-400 ... 


— .. 


... 211 ... 


— 


Zinc 


... 1-325 ... 


... 2-00 ... 


... 0-32 ... 


— 


Arsenic 


... 0-910 ... 


... 211 .. 


... 110 ... 


— 


SiUca 


... 29-000 ... 


... 8-93 .. 


... 8-00 ... 


... 12-16 


Insolnble matter 


— ... 


... 1-48 .. 


— ... 


-- 


Moisture 


' — ... 


— ... 


... 1-54 ... 


— 


Oxygen and loss 


— ... 


— .. 


— ... 


... 6-49 



98-980 



100-69 



99-91 



100-00 



These ores are usually burnt in the ordinary kilns for making 
sulphuric acid, but one manufacturer on the Tyne employs Longmaid's 
process for making sulphate of soda, in which case the copper is obtained 
as sulphate. 

The burnt ores are afterwards run down to regulus, either alone or 
mixed with copper ores and slags, which are imported from the Continent. 
Some of the manufacturers only carry their operations up to the point of 
making a regulus with 60 per cent, of copper, while others produce tile 
copper. 

The lit de JuAon varies with the character of the ore, and the 
following mixtures are used for the purpose : — 





Cwta. 


Cwti. 


CWtL 


Raw ore 


... 1 .. 


.... .. 


.... 


Burnt ore ... 


20 .. 


.... 21 .. 


.... 7 


Siliciouf 


... ... 


... .. 


.... 18 


Copper slags 


... 8 .. 


... 4 .. 


.... 


Sand 


8 .. 


... 8 .. 


.... 


Tank waste 


... .. 


... 2 .. 


.... 4 


Fluor spar 


... .. 


... .. 


.... \\ 


Coal 


... .. 


.... 2 .. 


.... 



Messrs. Mease and Co. dissolve out the copper with sulphuric acid, 
and precipitate this metal by means of iron. 
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The qnantitj of copper ore raised in the northern counties is very 
small^ being only 181 tons per annum^ and the imports are given in the 
following table : — 



IlfPOBTS OF COPPEB OBB AND SLAOa 



1861. 

74 

14 

2 





1 





1M7. Itta 1B88. 

France 789 ... 80 ... 

Norway 666 ... 94 ... 8 

Denmark 1 ... ... 

Sonth America ... Ill ... 16 

Belgium ... ... 2 

Gennany ... ... 7 

Turkey ... ... 1 

The present annual production of copper on the Tyne is about 700 
tons. 

Z&C. 

The ores of this metal are not very abundant in this district, but 
blende and calamine are found in the neighbourhood of Alston^ and in 
West Allendale. 

Ores of zinc are imported from the Isle of Man and Ireland, through 
the ports on the west coast, and from the Rhine and Sweden to the Tyne. 

A well arranged smelting works has been erected by Mr. Attwood, 
who employs a modification of the Belgian process for the reduction of 
the ores. 

The annual produce of spelter varies from 750 to 800 tons. 

Mr. Hunt gives the following returns of the production of these ores — 

Toaa. 

866 

135 



Alflton— Blende 

Calamine 



Sundry mines 



96 



696 



ANTIMONY. 
The ores of this metal are all imported and smelted by one firm, who 
produce annually about 270 tons. The process of reduction is that 
generally employed, and we have heard that the sulphur matt is treated 
with sulphuric acid to obtain green copperas. 



THE MANUFACTURE OF ALUMINIUM. 



ISAAC LOWTHIAN BELL. 



Thb progress of the manufacture of this — so far as the arts are con- 
cerned — ^new metal has scarcely been such as to require much to be 
added to those admirable researches bestowed upon the process by the 
distinguished chemist^ M. St. Claire Deville^ of Paris. Upon the intro- 
duction of its manufacture at Washington^ three-and-a-half years ago, 
the source of the alumina was the ordinary ammonia alum of commerce — 
a nearly pure sulphate of alumina and ammonia. Exposure to heat drove 
off the water, sulphuric acid^ and ammonia, leaving the alumina behind. 
Tl^iiy was converted into the double chloride of aluminium and sodium by 
the process described by the French chemist, and practised in France, 
and the double chloride was subsequently decomposed by fusion with 
sodium. Faint, however, as the traces might be of impurity in the alum 
itself, they to a great extent, if not entirely (being of a fixed character 
when exposed to heat) were to be found in the alumina. From the 
alununa, by the action of chlorine on a heated mixture consisting of this 
earth, common salt, and charcoal, these impurities, or a large proportion 
thereof, found their way into the sublimed double chloride, and^ once 
there, it is unnecessary to say that, under the influence of the sodium in 
the process of reduction, any silica, iron, or phosphorus found their way 
into the aluminium sought to be obtained. Now, it happens that the 
presence of foreign matters, in a degree so small as almost to be infini- 
tesimal, interferes so largely with the colour, as well as witili the 
malleability of the aluminium, that the use of any substance containing 
them is of a hteX character. Nor is this all, for the nature of that 
compound which hitherto has constituted the most important application 
of this metal — aluminium-bronze— is so completely changed by using 
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aluminium containing the impurities referred to that it ceases to possess 
any of those properties which render it valuable. As an example of the 
amount of interference exercised bj very minute quantities of impurity^ 
it is perhaps worthy of notice that very few varieties of copper have been 
found susceptible of being employed for the manufacture of aluminium- 
bronze; and hitherto we have not at Washington^ nor have they in 
France^ been able to establish in what the difference consists between 
copper fit for the production of aluminium-bronze^ and that which is 
utterly unsuitable for the purpose. These considerations have led us^ 
both here and in France, to adopt the use of another raw material for the 
production of aluminium, which either does not contain the impurities 
referred to as so prejudicial, or contains them in such a form as to admit 
of their easy separation. This material is Bauxite, so called from the 
name of the locality where it is found in France. It contains — 

Silica 2-8 

Oxide of Tkaninm 8'1 

Besqnioxide of iron 25*6 

Alumina 57*4 

Carbonate of lime 0*4 

Water 10*8 

100*0 
The Bauxite is ground and mixed with the ordinary soda-ash of 
commerce, and then heated in a furnace. The soda combines with the 
alumina, and the aluminate of soda so formed is separated from the 
insoluble portions, viz., peroxide of iron, silico-aluminate of soda, &c., 
by liziviation. Muriatic acid or carbonic acid is then added to the 
solution, which throws down pure alumina. The remainder of the process 
is precisely that which is described by Mons. St. Claire Deville. The 
alumina is mixed with common salt and charcoal, made into balls the 
size of an orange, and dried. These balls are placed in vertical earthen 
retorts, kept at a red heat, and through the heated contents chlorine gas 
is passed. The elements of the earth, under the joint influence of carbon 
and chlorine at that temperature, are separated, the carbon taking the 
oxygen, and the chlorine the aluminium. The latter substance, accom- 
panied by chloride of sodium (common salt), sublimes over, and is collected 
as a double chloride of aluminium and sodium. In small iron retorts, 
kept at as high a temperature as iron can bear, a mixture of soda (carbo- 
nate of soda) and carbonaceous matter with a little ground chalk is placed. 
The metallic base of the alkali distils over, and is collected in coal oil. 

T 
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A portion of the double chloride and sodium, along with fluxes, is exposed 
to a full red heat in a reverberatory furnace. The sodium seizes the 
chlorine combined with the aluminium, and thus liberates the latter 
metalj which falls to the bottom of the fiised mass. 

Aluminium is used in sufficient quantity to keep the only work in 
England — viz., that at Washington — pretty actively employed. As a 
substance for works of art, when whitened by means of hydrofluoric and 
phosphoric acid, it appears well adapted, as it runs into the most compli'^ 
cated patterns, and has the advantage of preserving its colour, from the 
absence of all tendency to unite with sulphur, or to become afiSscted by 
sulphuretted hydrogen, as happens with silver. 

A large amount of the increased activity in the manufacture referred 
to, is due to the exceeding beauty of the compound with copper, already 
spoken of, which is so like gold as scarcely to be distinguishable from 
that metal, while it possesses the additional valuable property of being 
nearly as hard as iron. 

This alloy, or aluminium-bronze, as it is termed, is a discoveiy of 
Dr. John Percy, F.R.S., and appears to be a true chemical compound. 
Copper is melted in a plumbago crucible, and, after being removed from 
the furnace, the solid aluminium is added. The union of the two metals 
is attended with such an increase of temperature that the whole becomes 
white hot, and unless the crucible containing the mixture is of refractory 
material, a vessel which has resisted a heat sufficient to efiect the fusion 
of copper, melts when the aluminium is added. 

Messrs. Newall & Co. ascertained, in 1858, that the tensile strengdi 
of aluminium wire is only one-third that of iron, and that aluminium- 
bronze, composed of 10 per cent, of aluminium and 90 per cent, of copper, 
broke with a strain of 56 tons per square inch. Colonel Strange, of the 
Royal Astronomical Society, investigated its properties, which were given 
in a very able paper in the Transactions of that body. Its maUeability, 
ductility, and capability of being finely divided and engraved upon, along^ 
with its great strength, induced the Colonel to recommend its adoption 
in the theodolite used in the Trigonometrical Survey of India. 

At the Elswick Ordnance Works, Captain Noble, R.A., confirmed 
previous experiments on the capability of aluminium-bronze to resist 
longitudinal and transverse fracture, and in addition to this he ascertained 
that its position to withstand compression stood halfway between that of 
the finest steel and the best iron. 

The bronze, containing ten parts of aluminium and ninety of copper. 
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affords an alloy endowed with the greatest strength^ malleability^ and 
ductility. The colour of the copper is affected by a very trifling addition 
of the other constituent, and the alloy gradually improves in these 
valuable qualities just mentioned, until the proportions given above are 
reached. After this, i,e.f when more than ten per cent, of aluminium 
enters into the composition of the bronze, the alloy gradually becomes 
weaker and less malleable^ and at length is so brittle that it is easily 
pounded in a mortar. 

Waihinffton Chemical Works, 26^ Augugt, 1863. 



APPENDICES. 



No. I.— ON STEEL MANUFACTURE. 

Mb. W. Bbidobs Adams* Wheels with Spbino Tybes. 
Staffordshire iron tyres, applied to wheels on this principle, have nin on the 
North London Bailway, under passenger carriages, a distance of 106,000 miles, 
without material wear, and without requiring to be turned up ; and the following 
table is from actual comparatiye results, obtained bj Mr. Gross, on the St. Helen's 
Railway, Lancashire : — 

COHPABATIVE WeAB OF FOUB CLASSES OF ENGINE TYBES, ST. HeLEN'S RAILWAT. 
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* There la little traffic on thia branch, and !7oa. 38, 4, and 87 baTe never worked on it» bat No. 18 baa woilced pretty 
ragnlarly over it. 

Best Yorkshire iron has run half the distance of Erupp's steel, and comparing 
No. 18 Staffordshire iron (with springs between tyre and wheel), with Erupp's steel, 
it appears that the former has two more wheels coupled, one-ninth less diameter 
and one-thirteenth more weight, has run one-third more mileage, scarcely erer 
slips, the tyres not turned up, nor needing it, and has worked the worst line. The 
result is that Erupp has now cut rolls for the application of springs to his tyres. 
Bessemer steel tyres on springs are now applied to another engine, and the whole 
of the engine tyres are being replaced by spring tyres as fast as they fall in. 

In a communication by Mr. Cross, with which the writer of this paper has been 
favoured, that gentleman calls attention to the fact, that No. 18 engine scarcely 
ever slips, which at once explains one of the causes for her tyres wearing so well, 
the other engines haying to use rough sand constantly to give them Hte, causing a 
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regular grinding action, which No. 18 altogether escapes. This, however, in the 
opinion of Mr. Cross, in no way detracts from the merit of the spring tyres, his 
explanation being that the spring allows the tyre to flatten down to a small extent 
when treading on the rails, presenting a broader surface, and without any external 
aid, thus giving the required adhesion. Mr. Cross states, that this view is confirmed 
by his having lately fitted two sister engines, one with and the other without spring 
tyres, the result being that the engine without these springs cannot at any time 
take so great a load as the other can ; and he is of opinion that a common iron tyre 
with springs is, to say the least, equal to the very best Krupp without the springs. 

Where Consumed. 
The consumers of the steel manufactures of this district are not confined to the 
locality, for, in addition to these manufactures being sent to almost every part of 
Great Britain and Ireland, a large proportion is sent to the following foreign 
countries, viz. : — Austria, Denmark, France, Germany, Holland, Norway, Italy, 
Russia, Spain, and Switzerland, as well as to Egypt, East and West Indies, North 
and South America, and Australia. 



No. II.— IMPROVED ORE HEARTH. 

This furnace is usually constructed with the upper portion open, so that when 
there is any defect in the draught, the fumes escape into the building in which it 
is built, and seriously injure the health of the workpeople. Under all circumstances 
a large opening into the flue is necessary to carry off the fumes, and when the 
draught is good, a considerable quantity of air passes at the same time, and so far 
retards the condensation of the lead fume. 




In sqme measure to remedy these defects. Dr. Richardson introduced the fol- 
lowing modifications into the ore hearth at Howdon, which have been adopted at 
some other mills. 

The hearth is covered with a hood of b ickwork a, at the back of which there 
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18 an opening into the flue. This opening can be diminished or en^ged by means 
of a damper, worked from the outside at b. The opening in the front can aliso be 
regulated by means of a moveable iron plate Oy which can be raised or lowered 
according to circumstances. The hood is firmly bound by iron straps dd, which are 
maintained in position by screw bolts, above and below the hearth. The opening e^ 
under the arch/, allows the workman to regulate the blast, which is admitted at the 
back through the ordinary tuyere. 

The ore is charged through the opening ^, in the side of the hood, and the fnr- 
naee is worked from the front in the usual manner. 



No. III.— STAGG'S IMPROVEMENT FOR WORKING THE 
CRYSTALLIZING PROCESS. 

Except this Improved plan for working the process of the late Mr. H. L. 
Pattinson, little or no change has been made in the operations. We regret having 
omitted to give an account of this improvement of the late Mr. J. W. Stagg in our 
Report read at the Chemical Section, which arose from the haste with which 
that Report was prepared. 




The woodcut will give a much better idea of this invention than any descrip^ 
tion could furnish. 

It consists of a crane and windlass, ab ; a chain attached to the end of the 
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sfaftok of the ladle is wound up by the windlass, and draws up the ladle, filled with 
crystals, out of the pot. A workman guides the handle of the ladle, which is after- 
wards placed under a catch, e, of the crane. The crystals are allowed to drain, 
which is assisted by an occasional shake by the workman. 

This apparatus enables the workman to use a much larger ladle, without expend- 
ing so much labour as is necessary at present, and a considerable saying in time 
and labour is said to result by the employment of Mr. Stagg's ingenious inyention. 



No. IV.— THE SOFTENING OP HARD LEAD. 

In reducing the dross which comes from the hard lead, which contains so much 
antimony, the addition of a small quantity of soda ash, to render the slag more 
fusible, and thus enable the workman to employ a lower heat, has been found yery 
benefidaL The following analysis of the hard lead obtained from Huch dross, with 
and without this flux, proyes the adyantages of this addition : — 

with ti Mr ecBi. Without 

OftodftMlL tOdftMlk 

Lead 6870 8288 

Antimony 40*66 16*09 

Copper 0-32 0*68 

Iron 0*82 O'Se 

100-00 100*00 

WlMn the hard lead, obtained from the dross^ is calcined, the process lasts 
much longer, and the dross, when reduced, yields an alloy much richer in antimony. 
This process can, howeyer, only be carried on until the alloy ooatauis about equal 
quantities of lead and antimony. 

The following analyses iUusUate the progress of the increasing richness of the 
Mloy in antiwoay^ 

Bnolibh Habb Lsad. 

Oiigiaal iMd. lit MldiuUoB. 



Lead ... 


99-27 ... 


... 86-58 ... 


.. 62*84 


Antimony 


0*67 ... 


... 11-29 ... 


... 4716 


Copper ... 


012 ... 


... traces ... 


... traces 


Iron 


0*04 ... 


... 0-84 ... 


.. traces 




100*00 


98*16 


100-00 




fiPAJIIBU HABD LBAD. 






oiistiuaiMd. 


Itt ealelnatlon. 


tadoUdiuri 


Lead ... 


95-81 ... 


... 64-98 ... 


.. 66-60 


Antimony 


••■ ... 8*66 ... 


... 29-84 ... 


.. 48-40 


Copper ,... 


0*32 ... 


... 5-90 .... 


.. traces 


Iron 


0*21 ... 


... 0-20 .... 


.. traces 



100-00 lDO-92 100-00 
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This alloy is found of great use in casting type furniture, and some of the 
coarser kinds of type. 

An excellent arrangement for treating these hard leads is shown in the accom- 
panying woodcuts : — 




u-^1 I 



I'Vj. 1, 



Fig. 1 represents a front yiew, and fig. 2 a longitudinal section, of this calcining* 
furnace. 

The hard lead is melted in the pot a, which is heated by the fire on the grates 
h. The calcining pan c, is supplied with molten lead from the pot a, by raising 
the plug dy and thus can always be kept full of lead, until the process of softening 
is complete. This is an important advantage in calcining the hard dross lead, which 
sometimes lasts from 10 to 14 days. The soft lead is run into the pot e, whence it 
I is ladled into moulds. 



No. v.— ECONOMICO FURNACE. 

This kind of furnace has been substituted for the English slag hearth, with a 
great saving of lead. The following woodcuts represent this furnace as improved 
by Dr. Richardson. 

Figs. 1, 2, and 8 represent this furnace, in elevation, section and plan. The 
blast enters through three water tuyeres aaa^ and the materials are filled up to the 
level of the charging door h ; the upper layers are kept cool by a fine rain of water 
from a rose Oy and the steam which is formed, assists in condensing the fumes, 
which escape into the flues through an opening d, in the side of the top of the 
furnace. The upper part, 0, of the furnace rests upon f ou> metal pillars ffffy so that 
when the body of the furnace requires to be renewed, this part remains untouched. 
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The leiul accumulates in the hearth y, whexK» it Ib tapped, from time to time, 
into the pot A, to be ladled into the pig moulds. 

The slag rons continuooBly into a tank i, which \b kept supplied with a stream 
of water. 




In the hearth of these furnaces, a spongy kind of metal is occasionallj found, 
which is called a cuenco in Spain, and one of which, when analysed, was found to 
contain as follows : — 

Lead 61-86 



Antimony 
Copper 
Iron 
Nickel 



29-50 

8-30 

0-61 

traces 



99-76 
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No. VI.— STAGG'S CONDENSING APPARATUS. 

The following explanation of the woodcnt, is taken from Mr. Stagg*8 account 
of his apparatus : — 

I attach to the flue or chimney a, into which are conducted the fumes, gases, 
&c., produced at the mill or manufactory, a strong air-tight cistern or yessel of 
suitable dimensions, and of conyenient length to allow as many partitions as may 
be found necessary or useful, to be arranged two or three feet apart inside. This 
cistern or vessel may be constructed of wood or other suitable materials, and 
sufliciently strong to resist the external pressure of the ittmosphere when there is 
an exhaustion or rarefaction of the air inside. To within two or three feet of the 
bottom of this cistern or vessel, reaches a pipe 5 1, of corresponding size to the flue 
or chimney, and descending into the watsr contained in the cistern, and to which 
flue or chimney, the pipe is closely and securely connected. The air-tight cistern 
or vessel is filled with water (admitted by pipes with cocks or other ordinary means) 
to a sufficient depth to properly condense and purify the fumes that have to pass 
into or through the same. To an opening in the lid or top of the cistern or vessel, 
and at the further end thereof, a pipe is united which is connected with one or more 
air-pumpe, 0, or exhausting machines to be worked by a water wheel, steam engine, 
or other power. On the air-pumps or other exhausting machines being set in 
motion, a portion of the air in the connecting pipe, and on the top of the water in 
the air-tight cistern or vessel is abstracted, whereupon the remaining air in the 
cistern or vessel becomes so rarefied that the air or smoke in the chinmey or flue 
connected with the pipe that reaches into the water at the bottom of the cistern or 
vessel, rushes into and through the water in the said cistern or vessel, and an amply 
sufficient draught is also created to clear the mill or manufactory of noxious 
smoke, &c. 

The rushing of air, smoke, fumes, &c., to supply what the air-pumps or other 
exhausting machines draw off, causes a very considerable motion in the water, and 
the dashing and spray consequent thereon, very materially aid the washing, conden- 
sation, and purifying of the fumes, &c. 

This artificial method of creating a draught or current in the chimney or 
flue leading from the mill or manufactory, is found to overcome the difficulty 
frequently experienced in attempts to arrest the fumes emitted from the open or 
blast hearth, which are more liable to return into the mill or manufactory, on meeting 
with any check, than those discharged from close or reverberatory furnaces. 

To enable the fumes, &c., to be drawn through less depth of water in the cistern 
or vessel, or with a view to their more perfect condensation, and purification, and 
obtaining the fumes of different degrees of quality, it is advisable to have in the 
cistern or vessel a number of partitions at suitable distances (see by ft, h, ft,) for the 
descent and ascent of the fumes. Sec 

Two of these partitions form one compartment, up one space of which the 
fumes, kCf ascend through the water, and descend down the other. As many of 
these compartments may be made, or, being made, have water in, as may be found 
requisite, and likewise the depth of water must be regulated so that nothing but 
purified vapours and gases, that are not soluble in water, may pass into the air- 
pumps or other exhausting machines. 
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When this iB the case, it will be found that the water in the cistem or TCSBel 
beoomee highly charged, with metallic and other particles, and prodacts which 
otherwise would hare escaped into the atmosphere and hare been lost. The purified 
▼apours and such gases, Ac., as are not soluble in water, passing from the cistem 
or Tessel into the air-pumps or other exhausting machines, are forced therefrom 
into an eduction pipe d. The water in the air-tight cistem or yessel when suffi- 
ciently saturated, can be run off by cocks or manholes inserted into the sides ^or 
ends of the cistem or yessel, and conducted by troughs, into reseryoirs, and there 
allowed to remain in a tranquil state to enable the insoluble fumes or particles to 
subside. 
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CHEMICAL MANUFACTURES. 



Thb following Report on the Chemical Products of this District^ has 
been drawn up from the information which we obtained from the manu- 
facturers themselves, who, with two or three exceptions, communicated 
to us erery detail connected with their works, in the most handsome and 
liberal manner; and we are glad of this opportunity to acknowledge our 
obligation to them. 

We have arranged the details, as far as possible, in groups according 
to the actual practice. In other instances, the arrangement usually pursued 
by chemists, has been adopted, the alkalies, alkaline earths, <&c., being 
taken in order. 

We commence with Salt, as the material round which so many 
products are grouped. 

SALT. 

Salt works were formerly very numerous in this district, establishments 
having been formed at Howdon Pans, Hartley Pans, Jarrow, North and 
South Shields, and other localities. This trade was carried on by several 
of the most wealthy families in this neighbourhood in the beginning of 
the last century, and about 200 pans were employed in producing salt, 
which was extracted from sea-water and brine-springs. Shields salt was 
the most celebrated salt in the kingdom; and was produced in such 
quantities at South Shields, as to give a character, and even a nomencla- 
ture to this town, which, to this day, is divided into East Tan and West 
Pan wards. The remains of large hills are still to be seen, formed from 
the ash of the salt pans. After a time, these ashes took fire, and 
Mr. R. W. Swinburne, to whom we are indebted for this information, 
states that the Chapter at Durham are in possession of a picture, repre- 
senting the burning hills at South Shields. 

The production of salt from sea- water in this locality, has given place 
to that obtained from the brine-springs and rock-salt of Cheshire, and is 
an illustration of the great changes which take place in the locale of 
manufactures. 
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A considerable qu mtity of white salt is still made on the Tyne, from 
sea water^ in which rock salt from Cheshire and Ireland is dissolved, in 
order to diminish the cost of evaporation. 

Two improvements have been successfully introduced in making white 
salt, which have the saving of friel as their object. Mr. Wilkinson 
employs the waste heat of coke ovens for this purpose ; and Mr. Fryar 
dries whiting with the heat which escapes from his salt pans. 

ALKALI FOR THIS AND THE LAST CENTUBY.* 

Two gentlemen, Mr. W. Losh and Mr. Thomas Doubleday, were 
engaged, unknown to each other, with a series of experiments on the 
best plan of converting common salt into carbonate of soda. Each of 
these chemists ap))ear to have used very similar processes ; and when the 
late Lord Dundonald came to reside in the neighbourhood, he was soon 
on intimate terms with both parties. Both Mr. Losh and Mr. Doubleday 
tried numerous plans at his lordship's suggestion ; but, after spending 
upwards of £1000, Mr. Doubleday would seem to have tired of making 
an outlay which promised little or no result. 

The first plan tried, was to effect the decomposition of common salt, 
by means of oxide of lead, and to carbonate the caustic soda, while the 
insoluble chloride of lead was heated to form a yellow pigment, long 
known as Turner's yellow. 

Another process consisted in decomposing conmion salt by sulphate 
of iron. The resulting sulphate of soda was fluxed with coal, and the 
sulphide of sodium which was formed was carbonated with sawdust 
This plan was also worked, some time afterwards, at an alkali manufac- 
tory situated near Blyth. 

Another process tried was founded on the mutual decomposition of 
common salt and sulphate of potash. This operation was regularly 
carried on by Mr. Losh and Mr. Doubleday, whenever the price of the 



♦ The following are the dates at which some of the older alkali works on the 
Tyne were commenced, as nearly as can be ascertained: — 

Mr. W. Losh and others 
Messrs. Doubleday and Easterby 
Dr. Hntchinson 

Messrs. Cookson 

Mr. J. Allen 

Mr. C. Attwood 

Mr. A. Claphara 

Mr. H. L. Pattinson 

Mr. T.Bell 

Mr. R. Imeary 



At Walker 


.. In 1796. 


Bill Quay 
FeUing ... 

Jarrow ... 


.. 1808. 

, . Early in the present 

century. 
.. 1823. 


FeUing ... 

South Shore . 


.. 1828. 
. About 1830. 


Friar's Goose . 


. 1831. 


Felling ... 
Jarrow ... 


. 1833. 
. 1836. 


Jarrow ... 


, 1889. 
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two potash salts allowed a profit being made ; and the chloride of potas- 
sium was as regularly sold to the Yorkshire alum makers. 

Mr. Losh resided in Paris in 1791, where he acquired a knowledge 
of chemistry, and soon after his return home, a company was formed to 
manufacture soda at Walker. The original partners were Lords Dundas 
and Dundonald, Messrs. Aubone and John Surtees, and John and 
William Losh. They obtained their salt from a brine spring found in a 
coal pit at Walker ; and the heavy duty upon salt at that date— which 
was £36 per ton — was avoided by evaporating together a concentrated 
solution of the brine spring and sulphuric acid ; thus obtaining sulphate 
of soda instead of salt. Another plan adopted by Mr. Losh to avoid 
the duty, was, to add ground coke, or ashes, to the concentrating salt 
pan before the salt was formed, and use it in this damaged condition 
for the manufacture of sulphate of soda. 

This was about the year 1796. Messrs. Doubleday and Easterby, in 
1808, commenced making sulphate of soda by decomposing the fvtute 
salts from the soap boilers, which consisted chiefly of common salt and 
some sulphate of soda. Their chief supply was obtained from the Messrs. 
Jamieson and other soap boilers at Leith. 

They purchased their sulphuric acid at first ; but between 1809 and 
1810 they got the plans of chambers from Messrs. Tennant, of Glasgow, 
and erected the first chamber on the Tyne at Bill Quay. They imported 
the first cargo of sulphur, from Sicily, about the same time, and its 
arrival in the river excited great attention. At first, the Government 
returned them the import duty on the sulphur which was used in making 
acid ; and the present Mr. Doubleday remembers having received, at the 
end of the year, as much as £1500. This, however, only lasted some 
three or four years, when the duty was repealed. This firm, then trading 
under the name of Doubleday and Easterby, also erected the first platina 
retort for making rectified vitriol, which cost them £700, and before 
long, they had three retorts in operation. 

The alkali which they made was used in the crude form in the manu- . 
facture of soap, in which they were also engaged. 

Note.— Charles Cooper, an overman at Walker Colliery, informs us that he was 
employed by Mr. Losh in 1798, and that crystals of soda were then manufactured 
and sold by Mr. Losh. The salt obtained from the brine-spring on the premises, was 
evaporated in small lead pans, and was afterwards decomposed by litharge. The 
soda so produced was crystallized in small lead cones, and when it had stood suffi- 
ciently long to crystallize, the cones were turned upside* down to run off the mother 
liquor. The crystallizing process was then only carried on in the winter months. 
C. Hunter, Esq., of Walker, further informs us, that in 1816 be sold about half a 
ton of soda for Mr. Losh to a Mr. Anderson, of Whitby, at £60 f er ton. 
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In 1816, after the conclusion of peace, Mr. Losh returned to Pans, 
where he learnt the details of the present plan of decomposing sulphate 
of soda, which he immediately introduced in his works at Walker, and 
thus may be said to have been the father of the modem alkali trade in 
this country. 

Mr. Doubleday gave the plans of his chamber, furnaces, dbc, to the 
Messrs. Gookson when they commenced their alkali works at South 
Shields. 

This trade has been developed in an extraordinary manner in this 
locality, where about 47 per cent, of the whole produce of the United 
Kingdom is now manufactured. 

, The peculiar advantages of the district are also being recognized, by 
the fact that the celebrated firm of Messrs. Tennant have purchased 
land with the intention of removing that part of their works in which the 
sulphate of soda is converted into alkali, from Glasgow to the banks of 
the Tyne. 

The following details will embrace a brief account of the source of 
the raw materials, and the various improvements which have been 
recently introduced : — 

SOURCE OF SULPHUR. 

Until within the last few years, Sicilian sulphur was almost exclu- 
sively employed in this district for the manufacture of sulphuric acid, 
the pyrites firom Wicklow being the only other source of supply. This 
latter, however, was not sufficiently abundant to render the manufacturer 
independent of the great fluctuations which have recently taken place in 
the price of sulphur, on account of the demand consequent on the vine 



During the last few years the following additional sources of supply 
have become available: — 1st, Belgian^ 2nd, Norwegian; 3rd, Spanish 
and Portuguese ; 4th, Italian ; 6th, Westphalian pyrites. 

I. — The Belgian pyrites has the advantage of being shipped at Rot- 
terdam at a moderate freight to the Tyne. It is a very hard, compact 
mineral, containing about 60 per cent, of sulphur, and therefore nearly 
approaches a pure bi-sulphuret of iron. The burnt residue from one 
manufactory on the Tyne (the Walker Alkali Works), after being roasted 
in a lime-kiln to burn off the small remaining portion of sulphur is regu- 
larly used as an iron ore at the adjoining iron works. It contains no 
copper, and from 0*3 to 0*6 per cent of arsenic. 
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II. — ^The Norwegian pyrites is shipped at Levanger; it contains 44 
per cent, of sulphur, is easily broken, and does not readily flux in the 
kiln. The quantity of copper it contains, being less than 1 per cent, 
the burnt residue cannot be profitably smelted for copper. 

III. — ^The pyrites most generally used, is shipped from Huelva in 
Spain, and Pomeron in Portugal. The mines are situated on each side 
of the boundary between the two countries. They were most extensiyely 
worked in ancient times, but their recent deyelopment has arisen from 
the use of the ore as a source of sulphur. Containing only 2 to 4 per 
cent, of copper, it was unable to compete with the richer ores which, 
from time to time, became ayailable in different parts of the world ; but 
the mining is now rendered profitable by the sulphur having become* 
available, as well as the copper. The per centage of sulphur varies 
from 46 to 50. The practical difficulty in burning this ore, namely, its 
great fusibility at the point where the combustion of the sulphur gives 
rise to considerable heat, has been overcome by the adoption of kilns, 
first used in Lancashire, in which the area of the surface is large in pro- 
portion to the weight of the pyrites consumed. 

The use of cupreous pyrites has led to the introduction of the manu- 
facture of copper on the Tyne, which will this year amount to between 
700 and 800 tons. The ordinary process of smelting is employed, but 
the moist method is also being tried ; the advantage being, that by this 
method all the ingredients of the mineral are utilized, the oxide of iron 
yielding an ore of similar quality to hematite. The smelting process, 
however, is still preferred in the large manufactories. 

In 1860 several cargoes of an ore, containing free sulphur embedded 
in gypsum, were imported from the island of Mib, in the Archipelago. 
From the small quantity of sulphur it contained (19 to 24 per cent.) 
there was great difficulty in burning it, except the large masses. Sub- 
joined is an analysis of a specimen of one parcel : — 

Sulphur 24*00 

GypBuin 62-20 

8wid,&c 600 

Water... ... 700 

Still more recently. Professor Ansted has discovered a deposit of free 
sulphur in Corfu, of which he has been kind enough to forward a sample, 
but we believe it has not been used in commerce. 

When sulphuric acid is wanted quite free from arsenic, Sicilian 
sulphur must be used. 



I 
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So largely has pyrites displaced sulphur in the production of sulphuric 
acid^ that in 1862 only 2030 tons of sulphur were consumed^ against 
72,800 tons of pyrites ; and, reckoning the above quantity of sulphur as 
equiralent to 4500 tons pyrites, it appears that 77,300 tons of pyrites 
are annually used for the manufacture of sulphuric acid, along with 
2500 tons of nitrate of soda. Assuming a produce of 120 per cent, on 
the pyrites, this is equal to a production of 92,760 tons of sulphuric 
acid, calculated as concentrated. This quantity of sulphuric acid is 
nearly all consumed where it is made, for the manufacture of other 
chemicals, such as soda and manures, the quantity sold being only 
6440 tons; but this might be most correctly described as consumed 
in other works, for the quantity sent to a distance is very small. 
Four-fifths of the sulphuric acid is used for the decomposition of 
common salt. 

Salt and the alkali tkade. 

The ordinary Cheshire salt is almost exclusively used for the manufac- 
ture of alkali ; the exception being in one manufactory, where the waste 
heat of coke ovens is utilized for evaporating the liquor formed by dissolv- 
ing rock-salt. The former extensive salt-works of Shields are now only 
represented by one or two comparatively small manufactories of salt, 
intended entirely for domestic use. Nearly all the salt used in the alkali 
works is carried by canal to Hull, Qoole, or Grimsby, whence it is brought 
to the Tyne, at a nominal freight, generally by foreign vessels which take 
it as ballast, when coming to the Tyne for an outward cargo of coals. This 
is, perhaps, the only practical result of the repeal of that portion of the 
Navigation Laws that prevented foreign ships from carrying cargoes 
coastwise. 

Within the last few weeks, a discovery has been announced of a bed 
of rock-salt, at Middlesborough. This discovery may render the alkali 
trade of this district independent of Cheshire, and develope a large 
export trade in salt. 

The annual decomposition of common salt in the district, is 90,000 
tons, requiring 73,800 tons of sulphuric acid, and producing 100,000 
tons of dry sulphate of soda. The whole of this quantity is used in the 
manufacture of alkali. A few hundred tons are consumed in the glass 
manufacture, which are omitted, as no account has been taken of the 
sulphate of soda made from the nitrate of soda in the sulphuric acid 
process. 
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The alkali is produced in the form of— 

Tooi. 

1. Alkali, or Boda ash 43,500 

2. Crystals of soda 61,800 

8. 6i-carbonate of soda 7,450 

4. Caustic soda 580 

The manufacture is so well understood that the local peculiarities and 
recent improvements will alone be noticed. 

Alkali. — All the Tjne soda-ash is fully carbonated^ sawdust bein^ 
generally used in the furnace for this purpose, so that it contains merely 
a trace of hydrate of soda. The greater part of it is also refined by dis- 
solvingy settling, evaporating and calcining ; thus producing an article 
of great whiteness and purity. 

Caustic Soda, — This manufacture is, as yet, quite in its infancy in 
this district. In Lancashire, very large quantities are made from the 
'' red liquors '' which drain from the soda salts. These liquors always 
contain caustic soda, sulphuret of sodium, and common salt. In Lan- 
cashire, where a hard limestone is used for balling, the per-centage of 
caustic soda is large, while the sulphuret exists in small proportion, 
and is easily oxidized. It would seem that the London chalk which 
is used here, produces a lime, chemically, much less energetic, forming 
less caustic soda, and holding sulphur more loosely in combination. 
Consequently, ' the Tyne red liquors require a very large quantity of 
nitrate for their oxidation, and yield so little caustic soda that this pro- 
cess has been abandoned in favour of the well-known method of boiling a 
weak solution of alkali with lime. This has the advantage, however, of 
producing a richer and purer article, sometimes as strong as 74 per cent. 

Improvements. — ^The improvements (besides such as have been already 
noticed) which have been introduced into the alkali trade, since the last 
meeting of the British Association in Newcastle, may be divided into 
those which have been generally adopted, and the special improvements 
of individual manufacturers. 

1. — Economy of Labour has been attained by using larger furnaces, 
in which a workman can manipulate a larger charge with less toil, and 
by various other appliances, purely mechanical. 

2. — Economy oj Fuel has been largely attained by the application 
of the waste heat and flame from the ball furnaces to the surface evapo- 
ration of the tank or black-ash liquor. Formerly, this was evaporated in 
hemispherical cast-iron pans, each with a fire below. 

i.^-Economy of Water and Fuel, by the adoption of the circulating 



166 

tanks for lixiyiating balls, first introduced at Glasgow, by the late Mr, 
Charles Tennant Dunlop. They are so arranged, as regards their con- 
nection with one another, that water runs into the tank which is most 
nearly exhausted, and liquor of full strength runs off the tank which has 
been most recently filled. The balls are always under the surface of the 
liquor, and thus escape the partial decomposition, and consequent forma- 
tion of sulphuret, which result from the balls being subjected to successive 
washings and drainings off. 

4. — Use of cast iron decomposing pans. 

5. — Gay Lussac's process for recovering, and using again^ the waste 
nitrous acid in the manufacture of sulphuric acid, has been adopted by 
several manufacturers, while others consider that the expense of the erec- 
tions and of working the process, may be better applied in providing an 
' additional amount of space in the leaden chambers. 

Special Improvements. — 1. The revolving furnace, for the manufiic- 
ture of black-ash or soda balls, was patented by Messrs. Eliott and Russell, 
of St. Helen's, in 1853, and an improved method of working it was 
afterwards patented by Messrs. Stephenson and Williamson, of the Jarrow 
Chemical Works, South Shields, where three of these furnaces have been 
erected. Each furnace consists of a horizontal iron cylinder, 9 to 15 feet 
long, and 7 to 9 feet diameter, lined with 9-inch firebrick work. Two cir- 
cular openings, about 2^ feet diameter in the ends, allow the fire from the 
furnace to pass through the cylinder and over its contents. The cylinder 
rests on four rollers, and is made to revolve by machinery. The charge 
is introduced from a hopper above, through a door in the middle of the 
cylinder, and the charge runs out, at the same door, when the decomposi- 
tion is completed, the cylinder being stopped, for this purpose, with the 
door downwards. 

The advantages of the revolving furnaces are: — 1. No tools being 
required to turn over the materials, the furnace can be kept closed, and 
there is also a saving of manual labour, while the brick lining of the fur- 
nace lasts a very long time. S. The mixture being kept constantly 
turning over and firesh surfaces exposed to the fire, the whole mass becomes 
gradually heated without any part becoming overheated, and the mass 
receives heat from the brickwork beneath, as well as from the flame 
and brickwork above. 3. In an ordinary black-ash furnace, while the 
working door is closed^ the upper stratum of the charge is overheated 
(and the soda volatilized), and the workman finishes off the charge by 
mixing this overheated portion with the rest, and draws out the mass of 



167 

a proper average temperature. This has the advantage, however^ of 
partially calcining the chalk or limestone of the mixture^ and so render- 
ing the blaok-ash soluble. 

The black-ash first made in the revolving furnace^ contained no 
caustic lime on account of the gradual heating of the charge^ and it was 
impossible to exhaust it^ in the lixiviating tanks^ without grinding; but 
by the improvement introduced at the Jarrow Chemical Works, this 
defect is remedied. The chalk, with a portion of the coal required for 
the mixture, is first introduced into the furnace, and heated for about an 
hour, after which the sulphate of soda and the rest of the coal is intro- 
duced, the charge requiring two hours altogether for completion. By 
this plan, a sufficient quantity of caustic lime is produced, to render the 
lixiviation easy. 

The fiimaces, of which the dimensions are given, decompose 12 to 
20 cwts. of sulphate of soda every two hours, at a cost, for labourage, of 
2s. lOd. per con, including wheeling and charging the materials. 

2. In the Walker Alkali Works, the waste gas (carbonic oxide) from 
the blast furnaces of the adjoining iron works, is conveyed by flues to 
the evaporating and calcining furnaces. The advantage obtained, is not 
only economy of fuel, but a hot flame free from smoke and dust, and dis- 
pensing with the stoker's labour and tools. It is found very useful in 
regulating the bottom heat of the cast iron pan in which the salt is 
decomposed. The carbonic oxide is, however, found not to burn very 
well in the presence of muriatic acid gas. 

HYPOSULPHITE OP SODA. 

The manufacture of hyposulphite of soda has largely increased of late 
years, and w^e believe it was not made at all upon the Tyne in 1838. In 
1854, the produce only amounted to 50 tons a year; but it has gradually 
risen to 400 tons per annum. 

In addition to being used in photography, it is largely employed as 
an '' anti-chlor " in paper making, and the markets of Europe and 
America are chiefly supplied from the Tyne. 

In 1852, Mr. W. S. Losh obtained a patent for the manufacture ot 
hyposulphite of soda from soda waste, which has been the means of 
greatly lessening the price, and consequently extending its application 
in the arts. On account of its greater stability, hyposulphite of soda has 
nearly superseded the use of the older salt, the sulphite of soda, as an 
** anti-chlor/' the latter being chiefly confined to sugar refiners as a 
deoxidizer. Dr. Jullion has recently obtained a patent for the production 
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of hyposulphite of lime, to be used as an " anti-chlor," but it has not 
yet been introduced into commerce ; the apparatus for its manufacture, in 
course of erection at the Jarrow Chemical Works, not being yet com- 
pleted. 

HYDROCHLORIC ACID. 

In the decomposition of common salt, large quantities of hydrochloric 
acid are necessarily produced, and it is an ipiportant question for che- 
mical manufacturers to apply the best means for its condensation. Since 
the visit of the Association in 1838, few branches of manufacture have 
received more attention, and there are few in which greater improvements 
have been effected, than in condensing muriatic acid gas; — this has 
arisen, not only on account of the necessity of preventing injury to agri- 
culture, so that heavy claims for damage might be avoided, but also, in 
consequence of the commercial value attached to hydrochloric acid, in the 
production of bleaching powder, bi-carbonate of soda, oxichloride of 
lead, and other products. 

The methods generally adopted in condensing, are well known^ and 
we shall only allude to some of the improvements which have been prac- 
tically applied. 

The drying furnace generally used, is called an " open furnace,'* to 
which the heat of the fire is directly applied ; and we believe that the 
greatest difficulties in the way of a perfect condensation in former times 
arose with the gases from this furnace. The heat required to drive off 
the gas from the crude sulphate of soda is very great, and when the 
gases arrived in the condensers, it was found difficult to absorb them, 
even when a very large quantity of water was used, and the muriatic 
acid which was thus produced, was of so low a strength that it was, com- 
mercially, almost useless. 

In former years also, the draught through the condensers was always 
obtained by a connection with a high chimney, but in some of the manu- 
factories, this plan is now entirely abandoned, and the whole of the vapour 
or gas which escapes, passes through a IS-inch pipe always open to view. 
At present, these gases are conducted through long flues or pipes and 
cooling shafts, and on entering the foot of the condensers, the heat is 
reduced to about 140° Fahrenheit, at which point the gases easily con- 
dense, and a strong acid is obtained at the same time. 

A rather different method has been pursued, for some time, at Messrs. 
C. AUhusen and Co.'s Works. Instead of the heat from the fire being 
conducted directly on to the drying materials in the furnace, as generally- 
done, a ^' close furnace " is used, in which the flame from the &te passes 
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over a briok arch and under the bed of the furnace, and not in immediate 
contact with the materials ; this furnace has no connection with a 
chimney for its draught, and the gases, from both the pan and dryer, pass 
into one condenser. The hydrochloric acid passes off from the furnace 
unmixed with the smoke from the fire, and at a lower temperature 
than by the ordinary me^od, and is consequently more easily condensed, 
and obviates the necessity of long flues or cooling shafts. 

Messrs. G. AUhusen and Sons have given us the following results of 
some recent experiments with this kind of furnace. 

The charge of salt generally used, was 8 cwts., the moisture varied 
from 6 to per cent., and the sulphate of soda contained from 175 to 
2*25 per cent, of undecomposed salt 





Salt Molstnre Tbeontie Welfht 


Acid 


LOM 




Un4«:oiii90M4 w<»nU of Add. 


Obtained. 


p«re«iit. 


Ist Experiment . 


. ... 1-75 ... 70 ... 602-0 ... 


495-06 


... 1-4 


2nd Do. 


. ... 1-70 ... 70 ... 4980 ... 


489-00 


... 1-8 


8rd Do. 


. ... 2-26 ... 70 ... 4980 ... 


484-08 


... 2-6 


4th Do. 


. ... 1-80 ... 70 ... 4980 ... 


490-04 


... 1-6 


6th Do. 


. ... 1-70 ... 70 ... 4980 ... 


485-00 


... 2-6 



Average 2-0 

Another instance of the care' that is now bestowed in condensing, is 
shown in the results of some recent experiments conducted at the 
Walker Alkali Works, to ascertain the actual quantity of muriatic acid 
condensed. 

The daily produce was conducted into large stone cisterns, prepared 
for the purpose, and the strength, depth, &c., were carefully ascertained. 
The salt used, was also tested daily for moisture and impurities, such 
as sulphates, sand, Ac. The former was found to average 6*0 per cent., 
and the latter 1} per cent, during six months' trial, thus leaving 92-5 
per cent. Na. CI. = 67*7 H. CI. in 100 parts of salt used. The crude 
sulphate of soda produced, was also daily tested for common salt left 
undecomposed, which is deducted below : — 









H.CL TMtofSiilpl 


January, 100 


parts of salt gave 


... B$'S ... . 


.. 2-96 


February, 


do. 


do. 


... 680 ... . 


.. 2-24 


March, 


do. 


do. 


... 64-2 ... . 


.. 2-26 


iC 


do. 


do. 


... 67-4 ... . 


.. 2-14 


do. 


do. 


... 68-4 ... . 


.. 2-98 


Jane, 


do. 


do. 


... 68-9 ... . 


.. 2-12 






Average H. CI. ... 


... 66-80 ... . 


.. 2-45 


H. CI. left ixi sulphate of'soda 


... 1-62 










67-82 








Low per cent. ... 


... 0-88 





67-70 
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A patent was obtained, by Mr. R. C. Clapham, in 1860, for the use of 
the weak acids, in the place of water in condensing, which has been success- 
fully carried out in the above works ; and it will thus be seen, that the 
whole of the acid produced was obtained and calculated without difficulty. 

The muriatic acid is not entirely free from impurities, and, on account 
of its containing arsenic, iron, sulphuric acid, (fee, it is not applicable to 
all purposes. 

The total quantity of hydrochloric acid produced is about 180,000 tons 
per annum. 

MANGANESE. 

Manganese is imported from Germany and Spain, but it is chiefly 
from the latter country that the richest ores are now obtained, which are 
found in hills consisting of schistose rock, which sometimes rise to a 
height of 800 feet from the level of the plain ; but it is also found in 
'' pockets," and in the latter case it is quarried by picks, but gunpowder 
is occasionally used. The quality of the ore varies from 60 to 90 per 
cent. . peroxide, and to obtain the richer ore, men and boys are employed 
to break and sort it, which is then put into sacks, and caiTied a distance 
of twenty to thirty-five miles, on mules' backs, to the ports of shipment 
in the Mediterranean. 

The richest ores are obtained at Galenas, in the province of Huelva, 
thirty miles north of the ancient Roman fishing town of Huelva. We 
are indebted to Mr. S. D. Gething for this information, who also informs 
us that he imported into the Tjme, in 1857, the first cargo of Spanish 
manganese. 

Manganese ore frequently contains peroxide of iron, copper, cobalt, 
titanium, &c. ; but no means have hitherto been taken to separate them. 

Manganese is used in the manufacture of glass, steel, and bleaching 
powder, and for the latter purpose, it is imported to the extent of 11,400 
tons annually. Several patents have been taken out for the recovery of 
the manganese from the waste chloride of manganese solutions, but 
generally with indifferent success. The most successful is the process of 
the late Mr. Charles Dunlop, of Glasgow, in which the manganese is 
precipitated as a carbonate, and finally oxidized. This patent has been 
successfully worked at St. Rollox, in Glasgow, and has, to some extent, 
superseded the use of native manganese. Still more recently a patent 
has been obtained by Mr. Clapham, for the separation of the free hydro- 
chloric acid, contained in the waste manganese solutions, and for its 
application in the manufacture of bleaching powder. 
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FRENCH LIMESTONE, LOCALLY CALLED CLIFF, 
Is imported as ballast from the *^ Seine/' and also from the coast of 
Prance, to the extent of about 14,000 tons annually. It forms part of 
the upper chalk bed in the secondary deposits, and is nearly pure car- 
bonate of lime, and although very like chalk in its appearance, differs 
from it, to some extent, in being compact, harder, and less capable of 
retaining water. It is always used in this locality, in preference to other 
limestones, in making bleaching powder. 

BLEACHING POWDER. 

The process pursued in the manufacture of bleaching powder has 
entirely changed since 1838, and the quantity made has far more than 
doubled. 

At that time it was made by the decomposition of manganese and 
common salt, with sulphuric acid, which was a rather costly process, and 
the price was about £28 per ton. It is now manufactured from what 
was, at one time, the waste muriatic acid, referred to above, and the price 
has been reduced to one-third. 

During the last few years, the demand for bleaching powder has been 
increased, partly on account of the extensiye use of Esparto grass from 
Spain in the manufacture of paper, which has been found to require a 
large quantity of chemicals to bleach it. The quantity of bleaching 
powder now made is 11,200 tons per annum. 

SOAP. 

The first soapery in this locality was begun by Messrs. Lamb and 
Waldie, about the year 1770, at the Westgate, whence it was removed to 
the Close. The works were purchased by Mr. Thomas Doubleday in 
1775, and continued under the firm of Doubleday and Easterby until 
the year 1841. Other manufactories were built in Sandgate and at the 
Ouseburn, but they have been abandoned. 

Very little hard soap was made until the end of the last century ; 
Castile soap alone being used. Up to 1770, soft soap was chiefly used 
for both domestic and manufacturing purposes. 

The chief improvements introduced have been the use of palm oil, 
bleached by Watt's process, and the manufacture of the ley by boiling 
the alkali with the lime, instead of the so-called " cold process" 

The total quantity now manufactured exceeds 6000 tons per annuQu 
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The prices of various materials at the present time are as follow : ^ 

Tallow, Ist sort T.C 43fi. 6d. per cwt. 

Fine American resin 860. to 398. Od. „ 

Best yellow Boap d8s. to 85s. Od. „ 

Best mottled do. ;. SSs. Od. „ 

PRUSSIATB OP POTASH. 

The first attempt to manufacture any compound of cyanogen in this 
district, was made in the beginning of the last century, by a Jew, in 
Oakwellgate, Gateshead. He afterwards removed his apparatus to 
Corbridge, but &iling in producing a saleable article, he discontinued 
the operation, which was taken up by a Mr. Simpson, who ultimately 
succeeded in perfecting the process in works erected at Elswick. 
Mr. Simpson manufactured Prussian and other kinds of blue colours ; 
and, at his death, the manufacture was removed to Heworth, where the 
Messrs. Bramwell have carried on the works since 1758. 

Prussian blue was the only form in which the cyanogen was produced, 
from which prussiate of potash was afterwards manufactured. This salt 
was not known in commerce in a crystallized form, however, till about 
the year 1825, when the price was 6s. per lb., which has now fallen 
to 11 Jd. 

Mr. Bramwell has introduced various improvements in the manufac- 
ture of this salt, employing close pots, in which the fused materials are 
worked by machinery, and in substituting sulphate of potash for the 
more expensive potashes ; but, notwithstanding the application of every 
chemical and mechanical appliance, and the low prices at which the 
prussiate of potash is sold, the demand has fallen off; and at present 
only two tons of yellow prussiate, and three-quarters of a ton of red 
prussiate, are manufactured weekly. The decline in this trade has arisen, 
partly from the American civil war, and partly from the introduction of 
the aniline colours. 

The celebrated attempt, in 1844, to produce cyanogen from the 
nitrogen of the air, was made at these works, and although the efforts 
of Mr. Bramwell and his friends were perfectly successful in a chemical 
point of view, these gentlemen were induced to abandon the process as 
a manufacturing operation. 

ALUM. 
, The first alum works established in England were erected at Guisbro' 
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in 1460^ by Sir Thomas Ghalloner, who brought oyer a workman from 
France to cany out the, then secret, process; the monopoly of this trade 
being in the hands of the Pope. 

The works were subsequently decreed to be a royal mine, and passed 
inio the possession of the Grown. They were afterwards farmed to Sir 
Panl Finder, at a rental of £16,000 per annum. He employed about 
800 persons, and made large profits, his monopoly enabling him to keep 
up the price to £26 per ton. 

The Long Parliament restored the mines to the original owners, and 
at the Bestoration, not less than five manufactories were in operation. 

Tlie process is well known, but potash alum (formerly the only alum 
made) is now produced at the Loftus works^ all the other manufacturers 
employing the cheaper sulphate of ammonia. From the mother liquors, 
large quantities of an impure sulphate of magnesia are obtained, which 
are partly refined, and partly consumed as a manure, mixed with other 
substances. 

Alum and sulphate of alumina are also made from sulphuric acid 
and clay, or shale, but the quantities are not very lai^. 

The quantities produced annually, are as follow :*— 

Altun, &c 4000 TottB 

Rough Epeoms 1800 ,, 

Some improvements in tiie details have been introduced to economize 
labour and save materials. The percipication of the iron from the alu- 
minous liquors, by means of prussiate of iron, was first employed here 
by Messrs. Lee and Co. ; and the Guisbro' Alum Company have introduced 
an aluminous cake containing sulphate of magnesia, which has been 
found to answer very well in dyeing certain colours, as browns, blacks, 
&t., and in the manufacture of all kinds of coarse papers. 

BPSOM SALTS. 
The abundant supply of dolomite, on the coast at Marsden, three 
miles south of the Tyne, and at other places in the county of Durham, 
has for many years sustained the manufacture of sulphate of magnesia 
in this district. The mineral is a tolerably pure double carbonate of lime 
and magnesia, containing about 21 per cent, of magnesia. Mr. Clapham 
gives the following analysis of this mineral : — 



Silica 


10-00 


Alumina 


1-60 


Oxide iron 


0-60 


Carbonate magnesia 


35-33 


Carbonate lime 


62-60 
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The process formerly employed^ was to calcine the limestone^ and 
wash it repeatedly with water ; by which, however, the lime is only im- 
perfectly removed, the residue being dissolved in acid and crystallized. 

The principal source of sulphate of magnesia, for many years past, 
has been the rough Epsoms, obtained from the residual mother liquors 
of the Yorkshire Alum Works. In these salts, protoxide of iron replaces 
a variable proportion of magnesia, forming a double salt, and containing 
also free sulphuric acid. 

Analysis of rough Epsom salts : — 

BlehtrdioB. Jaznnr ClMiiiiMl Co. 

Sulphuric acid 32*26 32-60 ... 33*60 ... 82*24 

Magnesia 16-35 10*25 ... 702 ... 8*60 

Protoxide of iron ... ... 1*73 8*65... 6*75 ... 11*25 

Oxides of nickel and cobalt 0*12 

Lime 0*09 

Alumina 1*33 

Potash 0*83 

Water 48*29 

These salts were formerly mixed with washed magnesian lime, and 
then calcined, in order to peroxidize the iron. It b found, however (as 
£r8t suggested by Dr. Richardson), that calcination is unnecessary when 
the solution is sufficiently diluted, and when space is provided in the 
precipitating tank for the bulky precipitate of protoxide of iron, which is 
formed by the gradual addition of magnesian lime. 

This is probably the only chemical manufacture of the district-*- 
with the exception of prussiate of potash — which has gready &llen o£F 
in extent, a more rational system of medicine having diminished the use 
of purgatives and reduced the demand for Epsom salts to about one- 
third of what it was 20 years ago. The annual production is still 1500 
tons, two-thirds of which are made from the rough salts. 

CARBONATE OF MAGNESIA. 

This compound has long been produced in this district, where it was 
formerly, and is still, to a limited extent manufactured from the mother 
liquors of the salt pans, known as bitterriy to which carbonate of soda is 
added to precipitate the magnesia in the form of carbonate. 

This old plan has been largely superseded by the elegant process 
of the late Mr. H. L. Pattinson, which consists in submitting calcined 
magnesian limestone to the action of carbonic acid and water under pres- 
sure. The magnesia dissolves out as bi-carbonate of magnesiay from 
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which the neutral carbonate of magnesia is precipitated by the applica- 
tion of heat. ^ 

The quantity manufactured is said to be about 250 tons per annum. 

SUPERPHOSIHATE OF LIME. 

The manufacture of this article was commenced at Blaydon in 1844 
by Dr. Richardson^ soon after the publication of Liebig's celebrated 
Beport on Agricultural Chemistry. 

Various materials are employed as the source of phosphate of lime, 
viz.^ bones; bone ashes from South America; exhausted animal charcoal 
from the sugar refineries; coprolites from Suffolk and Cambridgeshire; 
phosphorite firom Spain ; Sombrero guano, &c. Improvements have been 
introduced in the manner of mixing the acid with these substances^ in 
dryings and in the riddling of the superphosphate. 

The quantity produced amounts to between 15^000 and 16^000 tons 
per annum. 

PEARL HARDENER. 

This article has only recently been manufactured here, and its intro- 
duction is due to Dr. Jullion, who has applied it to the hardening of 
paper. It is produced by precipitating hydrated sulphate of lime firom a 
perfectly pure solution of chloride of calcium, by means of sulphuric acid. 
Great care is taken in its preparation, and it is being generally intro- 
duced among the manufacturers of paper. 

The quantity made is said to be about 2000 tons per annum. 

SULPHATE OF IRON. 

The first manufactory for the production of green copperas in Eng- 
land, was founded about the year 1679, when one Matthew Falconar, a 
Brabanter, " did try and draw very good brimstone and copperas out of 
certain stones gathered in great plenty on the shore near unto Minster, 
in the Isle of Sheppey." 

Mr. Thomas Delaval commenced to manufacture copperas at Hartley 
about the year 1748, but he subsequently sold the manufactory to his 
brother, Lord Delaval, and by an Act of Parliament, 11 George III., 
in 1771, power was g^ven to Sir Francis Blake Delaval to grant to Sir 
John Hussey Delaval, in fee simple, all the copperas works then and 
there existing, which may enable us to form some idea of the importance 
attached to this manufacture at that period. 

The late Mr. Barnes and Alderman Forster erected the first copperas 
works on the Tyne at Walker, in 1798, which are still in operation. 
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The quantity at* present manufactured is about 2000 tons per annum^ 
and the process is still the same; but Mr. Thomas Barnes has applied 
the refuse crystals to a novel purpose. This refuse was, and is generally, 
thrown away, but Mr. Barnes uses it as a manure on the thin soil of 
his farm, which lies on the Magnesian -limestone. He finds that the 
depth of the soil is gradually increasing by the disintegration of the rock, 
and that the more he uses, the more satisfactory are the results. The 
beneficial effect of the copperas is, doubtless, partly due to the natural 
iecomposition of carbonate of lime with the sulphate of iron, and partly 
CO the action of the peroxide of iron on the organic matter of the soil ; 
a supply of oxygen is provided in a solid form by this hydrated oxide of 
iron, which is continuously renovated. 

Mr. Barnes, who has kindly furnished the above information, has also 
given the annexed diagram to show the fluctuations of price to which 
' this trade has been subjected during the present century. 

VENETIAN BED. 

The manufacture of this article has long been carried on in this 
neighbourhood, and is noticed here as it is so closely related to green 
copperas. 

It is made by calcining a mixture of copperas, and some native 
hydrated oxide of iron, chalk, and gypsum. The calcined mass is levi- 
gated and dried. About 4000 tons per annum are manufactured on the 
Tyne, and the price varies from £4 10s. to £6 per ton. 

SULPHATE OF COPPER. 

This salt was formerly produced by roasting old copper in a rever- 
beratory furnace, and then dissolving the oxide in sulphuric acid ; but it 
is now obtained in carrying out Longmard^s process for decomposing 
common salt by means of cupreous pyrites. The quantity made is about 
100 tons per annum, which is all produced at the works of Messrs. 
J. and W. Allen. 

RESm SIZE. 

This article is manufactured according to a patent obtained by 
Mr. W. S. Losh, and is intended to produce a size suitable for paper 
makers, and to supersede the old size in ordinary use, which oonsists of 
alum, resin, and soda ash. 

Its manufacture has, however, been only partially developed, and not 
more than 100 tons yearly is produced ; but a new and cheap size, which 
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can be prepared ready for the use of the paper trade, is, we think a step 
in the rig^ht direction, and the theory of the sizing of paper is a field still 
open to chemists. 

LAMP BLACK. 
The manufacture of lamp black, we believe, is peculiar to this 
locali^, and it is produced from bituminous coab. These coals are 
slowly burnt, at a dull heat, and with as small a supply of air as^possible. 
The smoke is conducted into brick chambers, into which a jet of steam 
or water is passed, to assist in the better deposition of the lamp black. 
The quantity made is about 1200 tons per annum. 

OREASB. 

This is another product of local importance, and is made to the extent 
of 2800 tons per annum* It is chiefly made in connection with the 
distillation of resio, and, in a locality like Newcastle, surrounded by 
extensive collieries and works, the consumption is always increasing. 

Since the American war, the price has been much affected, and we 
are told, has advanced from £8 or £9 per ton to £22 per ton. 

cbmbnt; 

The manufacture of this material, on a large scale, in this district, is 
of comparatively recent origin. A small quantity of cement has long 
been made on the Yorkshire coast, near Whitby, where a peculiar 
mineral is found in the alum shale, called eement itone. This mineral 
has been analysed by Dr. Richardson, who found it to contain^- 



Clay, iniolnble in 


acids 


... 18-41 


Consisting of Billcia 


. 12 24 




alamina ... 


. 617 


Alnmina, soluble in acids 


6-89 


Oxide of iron ... 




... 0-64 


Lime ..". 




... £7*68 


llagnesia 




... 5-20 


Soda and potash 




...traces 


Organic matter... 




... 1-48 


Carbonic add and water 


... 29-62 



99-77 
About 20 cwts. of this mineral is found in every 60 tons of shale ; 

and the greater proportion is sent to Hull, where it is manufactured into 

a cement sold under the name of Mulgrave Cement. 

The mineral is burnt in small open kilns, and afterwards ground to a 

fine powder. 
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The production of cement on a large manuiacturing scale dates from 
the establishment of the works of Messrs. I. G. Johnson and Co., in 1856. 
This firm manufactures — 

Portland Cement, 

Roman, ditto, 

Eeene'B Marble, do., 

Plaster of Paris, 

and have recently introduced improved machinery for the more perfect 
levigation of the raw materials^ by which the subsequent chemical action 
is much facilitated. 

Portland cement is very extensively used in this country, in France 
and Germany, for dock works, basins, fortifications, and for fronting 
houses in imitation of stone. It is also used for coating the inside of all 
first-class iron ships. The rivets are carefully coated, and are thos pro- 
tected firom the corrosive action of the bilge water. It has been found 
of equal service in sugar*carrying vessels, where the leakage of the 
molasses exercises a very corroding action on the iron. 

Roman cement is prepared by calcining septaria in open kilns, and 
afterwards grinding the burnt material in horizontal stones. It is used 
either alone or mixed with an equal volume of sharp sand. 

Eeene's marble cement is made by soaking calcined gypsum in a 
solution of alum, and then re-calcining the mass at a dull red heat This 
re-calcined material is then ground and sifted. It is only used for inter- 
nal work, such as floors, skirtings, walls, &c. It is largely employed in 
London, in churches and clubhouses. It rapidly dries after being applied, 
and may be papered or painted in two days. When dry, it is so hard 
that a nail cannot be driven into it. Two qualities are made, one of 
which can be polished in imitation of marble, while the other is used as a 
ground for painting. When different colours are introduced, a superior 
scagliola is formed. 

The quantities manufactured per annum, are as follow : — 



Portland Cement 


... 


Tont. CUkM, 

... 10,000 in 60,000 


Roman, do. 


... 


850 „ 2,450 


Keene*s do. 


... 


60 „ 850 


Plaster of Paris 


... 


200 „ 2,000 


and the present prices are — 






Portland Cement, 8s. 6d. per cask of 4801b8. 


Roman do. 


78. 


6d. do. 8861bs. 


Eeene*s do. 


14s. 


Od. do. 8d61bfl. 


Plaster of Paris, 


SOs. Od. per ton. 
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CHEMICAL PB0DUCT8 OF OAS WOBKS. 

The quantity of coal used for the manufacture of gas on the three 
northern riTens, the Tjne, Wear^ and Tees, amounts to about 100,000 
tons. 

The products obtained are as follow : — 



875,000,000 cubic feet of gas ... 


... £113,000 


58,000 tons of coke 


... 10,000 


23,800 gallons crude naphtha ... 


2,800 


809,000 gallons creosote oil 


1,250 


3560 tons of pitch 


8,180 


600 tons of solphate ammonia 


9,000 



£139,180 

The sulphate of ammonia is manufactured direct from the gas water 
in the following manner : — a large cylindrical boiler is filled two-thirds 
iuU with the gas liquor, and gently boiled. The gaseous products and 
steam are conducted into a mother liquor from a previous operation, which 
is kept slightly acid. When no more ammonia comes over, a quantity of 
milk of lime is added to the boiler, and a strong heat applied, until the 
colouring matters cease to be disengaged. The gaseous products are 
collected as before, and the colouring matters are skimmed off from the 
surface of the liquor. The boiling is then moderated, and during the 
whole operation a stream of acid is supplied to the cistern. The sulphate 
of ammonia salts out and is fished up into baskets to drain, when it is 
ready for the market. 



QUANTITIES AND PRICES. 



Baw Matsbxau. 


Tom. Fuel 


4. 


VAX.OB. 

S 1. 


d. 


Snlphor 


(included as Pyrites) 






Pyrites 


72,800 ... 1 10 

Copper ralue not included. 


.. 


109,200 





Salt 


90,000 ... 16 


.. 


67,600 





Nitrate of soda ... 


2,600 ... U 16 


.. 


86,876 





Chalk 


144,000 ... 2 


6 .. 


18,000 





Coals 


828,000 ... 8 


9 .. 


60,662 10 





Manganese 


11»400 ... 4 


.. 


46,600 





Bough Epsom salts 


1,600 ... 2 5 


.. 


8,876 





Magnesian-limestone 


700 ... 8 


6 .. 


122 10 





French limestone . . . 


14,000 ... 4 


6 .. 


8,160 
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QrAKTITIES AST> PRICES. 



FiinmxD PMomrcTS. 


TOHB. 


Pbici 


1. 

d. 


Valve. 
£ «. d. 


Alkali 


43,500 


... 8 


10 





... 869,760 


CryBtals of soda 


51,800 


... 4 16 





... 248,676 


Bi-carbonate of Boda 


7,460 


... 12 








... 89.400 


CaaBticsoda 


580 


... 18 








... 10,440 


Hyposolphite of Boda 


400 


... 26 








... 10,000 


OilofTitriol 


6,440 


... 6 








... 88,640 


EpBom sallB 


1,500 


... 7 


5 





... 10,876 


Bleaching powder 


11,200 


... 9 








... 100,800 


Soap 


6,000 


... 34 








... 204,000 


Tellow pruBsiate of potaBh 


106 


.,. iB. 


per lb. 


... 11,760 


Bed ditto 


40 


...28.6d. 


It 


... 11,200 


Alum 


4,000 


... 7 








... 28,000 


Carbonate of magneBia 


250 


... 80 








... 7,600 


BnperphoBphate of lime 


16,000 


... 6 








... 75,000 


Pearl hardener 


2,000 


... 10 








... 20,000 


Sulphate of iron 


2,000 


... 8 








... 6,000 


Venetian red 


4,000 


... 6 








... 20,000 


Sulphate of copper 


100 


... 35 








... 8,600 


BeBin size •■• ••• ... ... 


100 


... 7 








700 




1,200 


... 7 








... 8,400 


QreaBe 


2,800 


... o 








... 22,400 


CementB 


12,000 


... 2 








... 24,000 


Chemical products of gaB works ... 


M 


... 


II 




.,. 189,180 




171,966 


£1,465,220 



APPENDICES. 



No. I.— SALT. 

The recent, interesting, and important dieooyery of a bed of rock-salt at 
Hiddlesborongh, has attracted great attention, and the following information is taken 
from the paper of Mr. Marlej, read before the British Association. 

Messrs Bolckow and Yanghan being anxious to obtain a supply of fresh water 
for their iron works, commenced, abont four years ago, to sink a shaft for this pnr- 
f)oee. This well* did not answer their expectations, and a rery large bore-hole was 
put down from the bottom of the shaft. The strata passed through are in the Upper- 
new-red-sandstone, or the same as those in which the Cheshire rock-salt is found. 

The following is an account of the strata sunk and bored through. Sinking 
was commenced on July 4, 1869 : — 

No. Vm. n. In. 

1 — Made ground (slag, chalk, koJ) 15 

2 — Dry slime or riyer mud 12 

8 — Sand with water 14 

4— Hard clay (dry) 14 

o — Bed sand with a little water 10 

6 — Loamy sand with a little water 8 

7— Hard clay (dry) 2 8 

8 — Bock, mixed with clay and water 16 

9— Bock, mixed with day (dry) 10 

lO^Bock, mixed with gypsum (dry) 10 

1] — Gypsum with water 2 

12 — Bed-sandstone with small veins of gypsum 

and water 9 10 

18 — Gypsum rock (dry) 10 

14 — Brown shale with water 10 

15~Bed-8and8tone 4 

16 — Do. with small reins of gypsum 

and water 2 

17 — Blue poststone with water at bottom 8 

18— Bed-sandstone with water 8 10 

Bottom of sinking 

19 — Bed-sandstone 

20--Bedand White-saadstone 

21 — Bed-sandstone 

2%-^ Do. and day 

28— Bed-sandstone 

24 — Do. and clay 

Carried forward ... 149 8 



. 29 
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Brought forward 

25 — Red-sandstone 

26 — Strong clay 

27 — Bed-sandstone and clay 

28— Do. 

29 — Do. and clay 

50— Do. with a vein of blue rock 1^ 
thick at 1005 feet 

81 — Red and Blue-sandstone , 

82 — Red-sandstone 

S8~^ Do. and thin yeins of gypsum .., 

84— Do. Do. 

85— Red-sandstone, blue day, and gypsum 
86 — Do. with reins of gyp s um 

87 — Gypsum 

88 — ^White stone 

89 — Limestone < 

40— Blue rock 

41 — Blue clay 

42 — Hard blue and red rock 

48 — ^White stone 

44 — ^Dark red rock 

45— Dark red rock, rather salt 

46— Salt rock, rather dark (1) 

47— Do. yerydark (2) , 

48— Do. very light (8) 

49 — Do. rather dark (4) 

60— Do. Tery light (5) 

51— Do. rather light (6) 

52— Limestone 

58— Ck>nglomerate. This rock resembles lime* 

stone, and contains a great quantity of salt 



Total 218 

The six items = 100 feet of salt (but not yet 
through) equal to 1806 feet. 
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The following analysis of a sample 


of the rock-salt, was giren by Ifr. Marley 


Chloride of sodium ... 


96-68 per cent. 


Sulphate of lime 


8-09 


f> 


Sulphate of magnesia 


0-08 


11 


Sulphate of soda 


0-10 


n 


Silica 


006 


n 


Oxide of iron 


trace 


(* 


Moisture ... ... 


01H 


M 



100-00 
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It 1b imponible to oremte the importance of thia diaooTerj to this district, 
where the ooiimmiptio& ezceeds 100,000 tons per annam. 

The prodactioii of salt in this oonntry is upwards of 1,600,000 torn per anniun, 
of which about 190,000 tons is rock-salt ; and when the peculiar advantages of this 
locality are considered, the opportanitj of dissolving the rock-salt in sea-water, the 
niimeroiis sources of waste heat and cheap fad to eraporate the brine liqnon, and 
the low rate of freights to all parts of the east and sonth-east coasts of Oieat 
Britain and the Baltic, whither 160,000 tons of salt are exported, it is obrious that 
a large share of diis trade most fall to this district. 

ShUUU 8aU.—We have alreadj alladed to the salt made at Shields in fosmer 
times, when, as late as 1802, sll the ground between Stone Quay and Milldam was 
oorered with salt pans. 

During the above period, the white salt was obtained exdnsively from sea- 
water, and it reqnired 50 cwts. of coals to extract SO cwts. of salt. Thii enomons 
consamption of fuel was then not a serious item of expense, as there was no dsmand 
for the small coals, which were usually burnt near the collieries, forming the fleiy 
pit-heaps which characterised the neighbourhood of Newcastle in those days. The 
small coal only cost the salt makers the expense of conveying it to their works by 
river craft. The demand for this small coal for coke-baming, and for the general 
manufactoreB of the district, has so enhanced its value, that it no longer pays to 
extract salt from sea- water. 

Shields salt is still made, but not exclusively from sea- water. Cheshire or Irish 
rock-salt is dissolved in sea-water, and the brine is evaporated by the waste heat of 
coke ovens and whiting furnaces. It is said that 20 tons of Shields salt are sent 
weekly to Newcastle, where it brings twice the price of Cheshire or Droitwich salt. 
It is preferred to sll others for curing purposes, and probably owes its superiority to 
the presence of the chloride of magnesium, derived from the sea- water. Mr. Wilkin- 
son, to whom we are indebted for this information, informs us that when the pitmen 
kill their pigs, they will cure with nothing but Shields salt, and he states that it 
never fails, which cannot be affirmed of the other kinds of salt sold for this 
purpose. 

We give the details of Mr. Wi1kinson*s plan for employing the waste heat of 
coke ovens, which has been very successful, and is now in operation on the l^^ne. 

This process is illustrated in the accompanying diagrams, in which fig. 1 
represents a plan view, a range of twelve coke ovens, with an evi^xirating and 
crystallisiDg pan (which he uses for the manufacture of common salt) attached, and 
fig. 2 is an elevation of the same range. AA, are the flues leading from the 
ovens BB, and connected with the flue C (shown by dots in fig. 1), which runs 
underneath the evaporating pan D ; EB, are two auxiliary furnaces, for keeping up 
the temperature of the flue C, and burning the combustible gases which are given 
off from the coke ovens ; F is a crystallising pan, and O, a receptacle or well into 
which the salt is collected ; HHHH, are furnaces attached to the crystallising pan, 
and intended to regulate the concentration of the liquor, as circumstances may 
require. Fig. 8 represento an end elevation of the range of ovens and pans shown 
at figs. 1 and 2 ; and fig. 4 is a longitudinal section of one of these ovens. 

The mode of operation pursued in the manufacture of the common salt is as 
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follows :-— The evaporating pan D la supplied with salt water from a reservoir or 
other conyenient soorce, and in order to apply the heat equally to the pan D, each 
alternate oven is charged at proper intervals of time, dividing the range into three 
sections of four ovens each, and charging one section per day. By this means, the 
combustible gases liberated from each newly charged oven, are brought into contact 
with the heated flue of the next oven, which is in a more advanced stage of the 
process, and by introducing a proper quantity of air to support combustion in the 
circulating flue, nearly all the combustible gases are consumed ; QQ, are apertures 
to introduce air to support combustion at any point, which may be found necessary 
in the circulating flue. Bach of the ovens is provided with a damper, R, by which 
the communication with the circulating flue C may be stopped at pleasure. The 
two auxiliary furnaces EE are used to keep up the temperature of the circulating 
flue, and at the same time to ccmtrol the evaporating pan. When the liquor or brine 
is sufficiently concentrated in the evaporating pan, a portion is run into the ciystal- 
lizing pan by means of the connecting pipes 8, figs. 1 and 8^ and the liquor is purified 
before precipitating or crystaUising the salt, by a further concentration of the liquor 
by the furnaces, HH. 



No. II.— SULPHUR ORES. 

Mr. Pattinson read an interesting paper on these ores, from which we extract 

the following table of analyses of different samples sent to the Tjne : — 

12 8 4 5 6 7 

Sulphur 44-60 ... 49*80 ... 4601 ... 46'60 ... 4660 ... 4420 ... 38-10 

Iron 88-70 ... 41-41 ... 89*68 ... 8822 ... 89*22 ... 40-62 ... 8144 

Copper 8-80 ... 6-81 ... „ ... „ ... 1'80 ... 0*90 ... trace 

Lead 0-68 ... 066 ... 0-87 ... 0*64 ... „ ... 1-60 ... „ 

Zinc 0*80 ... trace ... 1-80 ... 600 ... 118 ... 3-61 ... „ 

ThsUium trace ... trace ... trace ... trace ... „ ... „ ... „ 

Lime 0-14 ... 014 ... 0-25 ... Oil ... 210 ... 0-24 ... 496 

Magnesia trace ... trace ... „ ... „ ... 0*01 ... „ ... 0*83 

Carb. Acid... „ ... „ ... „ ... „ ... 1'66^... „ ... 611 

Arsenic 0*26 ... 0-81 ... trace ... trace ... „ ... 0*83 ... trace 

Oxygen 0-23 ... 0*25 ... 0*42 ... 0*87 ... 0-45 ... 0*26 ... 0*81 

Coal and loss „ ... „ ... „ ... „ ... „ ... „ ... 14-45 

Gangue 1110 ... 2*00 ... 12-23 ... 8*70 ... 9*08 ... 8*80 ... 1*40 

Moisture 017 ... 0*05 ... 0*25 ... 0*36 ... 0*17 ... 0*90 ... 090 

99-88 99-98 99*91 100-80 100-16 100*34 100-3 
The numbers attached to each analysis, refer to the following ores, of which 
Mr. Pattinson gives an estimate of their consumption in this district : — 

Tmm. 

No8. 1 and 2 Spanish pyrites 30,000 per an. 

„ 8 Belgian do. ... 12,000 „ 

„ 4 Westphalian do. ... 6,000 „ 

„ 5 Norwegian do. ... 6,000 „ 

„ 6 Irish do. ... 4,000 „ 

„ 7 Coal brasses do. ... 7,000 „' 



185 



No. III.— CONDENSATION OF HYDROCHLORIC ACID. 

In the Report, reference is made to the plans for condensing this acid, which 
have been so snccessfnlly carried into operation at the works of the Walker Alkali 
Company and of Messrs. Allhnsen and Sons. 

The following description contains an account of the plan of Mr. Clapham, 
which has been adopted at Walker. The object of this plan is to save the weak 
acid which is obtained from the drying beds. Mr. Clapham cools this weak acid, 
and then employs it, instead of water, for the No. 1 condenser. The apparatus is 
similar to that adopted in Gay Lussac*s process. It consists of a series of cooling 
cisterns, made of Caithness flags, secured witii suitable cement, from whence the 
weak acid is conveyed, by a gutta-percha pipe, to an egg-shaped metal vessel, lined 
with gutta-percha. An ordinary air-pump is attached to this vessel, by which the 
contents are forced up to a cistern on the top of No. 1 condenser. 




The woodcut represents a sectional elevation of the arrangements, in whidi a is 
the metal vessel lined with gutta-percha, receiving the weak acid from a cistern b 
by the pipe o ; diBA pipe leading from the air-pump to the vessel a; is a pipe 
conveying the weak acid, forced from the vessel a to the dstern /, at the top ol 
condenser No. 1. The condensers Nos. 1, 2, and 3, are of the usual oonstruction, 
Nos. 2 and 3 being surmounted by water cisterns ^ and K The pipe leading from 
the decomposing pons to the condenser No. 1 is shown at i ; ^ is a pipe passing 
from No. 2 condenser to the drying furnace ; ^ is a pipe to convey the waste gaa 
from No. 2 to No. 3 condenser ; and «i is a pipe for conveying' the weak aeid to the 
cistern b. 

Water is supplied only to No. 3 condenser, and the weak add from thi» coqf 
denser is supplied to Nos. 1 and 2 condensers, from which acid of an average 
strength of 25** F. is obtained. 

Messrs. Allhusen's arrangements are shown in the accompanying woodoots^ for 
which we are indebted to the liberality of these gentlemen ; and Mr. H. C. Allhusen 
has kindly furnished us with the following explanatory remarks. The woodcuts 

represent : — 

A. A close furnace. 

B. A reverberatory furnace. • 

C. Tlie strong acid condenser. 

D and E, The weak acid or " drier " condensers. 

A A 
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The dose f amace is attached to one condenser only, C ; the pan and drier 
having no connection whatever with the chimney. 






xuni 



The pan of the reverberatory furnace is attached to a strong add oondenaery 
rimilar in every respect to C, but its drier is connected with the weak add oon* 
denser D, the draught through the latter being obtained by means of a chimney. 
The condensation is quite as perfect in this, as in the preceding arrangement. 

The wear and tear of the dose furnace is much greater, and this cause, together 
with the great draught required, renders the reverberatory furnace preferable. 

One of the reverberatory furnaces, at Messrs. Allhusen's works, has its drier 
attached to a weak add condenser E, which, like the strong add condenser, is high 
enough to create its own draught, and there is no connection with the chimney. 

These woodcuts must be examined in connection with the description in the 
Report, in which details are given of the admirable manner in which they condense 
the hydrochloric acid. 

IV.— DECOMPOSITION OF COMMON SALT. 

In making sulphate ash, white salt has always been employed, as it has been 
impossible to effect a complete decomposition of rock-salt. This latter material is 
much cheaper than white salt, and contains more chloride of sodium. MeMn, 
Stevenson and Richardson have recently patented a plan for substituting rod^ for 
white salt in the decomposing process, which promises to become of value. Their 
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plan consists in grinding and heating the rock-salt, previous to the addition of 
the sulphuric acid, and from the experiments already made, an excellent sulphate 
of soda has been obtained. 



No. v.— REVOLVING FURNACE. 

This remarkable inyention only requires to be better known to find many other 
applications, besides that of balling sulphate of soda, coal, and chalk. 

The accompanying woodcut represents a section of the furnace in use at the 
Jarrow Chemical Works. 




The arrangements consist of an iron cylinder a, lined with fire-bricks, and two 
cast-iron rings, bb^ are attached to the exterior of the cylinder. These rings rest 
and run on stroAg iron wheels, ee^ which are carried by proper bearings. A pair of 
pulleys, and a system of wheels, are employed to give a reyolying motion to the 
cylinder. The furnace is shown at df whence the flame passes into and through the 
cylinder by openings at each end, e /, and afterwards, over the liquors in the 
evaporating pan ^, to the chimney. 

The cylinder is charged through an opening A, which is brought imder the 
hopper filled with the materials. The progress of the operation is watched through 
mi opening at the end, and when it is complete, the opening is uncovered, its posi- 
tion is reversed, and the charge falls into a number of iron waggons chained 
together, and brought in succession under the opening. 

The successful working of this revolving furnace is due to the improvements 
introduced by Messrs. Stevenson and Williamson. They charge the cylinder fresh 
with chalk and coal, which are raised to a high temperature, and then the sulphate 
of soda is added. The total charge weighs two tons, which is worked off in two 
hours. 



No. VI.— BLEACHING POWDER. 

A recent improvement, which is being tried at the Walker Chemical Works, 
promises to be of considerable value. 

This process consists in superheating the steam by Green's apparatus, before it 
is admitted into the stills, by which the dilution of the acid is lessened, and the 
temperature of the materials is increased. 



No. VII.— EPSOM SALTS. 
The supply of rough Bpsoms has recently been increased by the produce of the 
salt-gardens in the South of France. The utilization of the mother-liquors from 
these works, is now accomplished by processes which Mens. Balard has introduced. 
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He obtainB not only sulphate of magnesia, bnt also sulphate and muriate of potash 
and sulphate of soda ; and as his plans could be adopted in this district, we venture 
to give the following abstract of his operations, for which we are indebted to the 
kindness of Mr. A. F. Marreco : — 

The utilization of these mother-liquors has completely altered the relative 
importance of the salt and the remaining products, large establishments being now 
erected, chiefly for the sake of the mothers which are obtained. 

Both the methods employed in working up these liquors depend, chiefly, on 
the action of cold ; the old process relying on the cheap but uncertain colds of 
winter, while the newer, employing the refrigerator of Carr6, worked by liquefied 
ammoniacal gas, obtains a far more regular and manageable result, independent of 
seasons. 

As conducted on the most approved plan, by the Southern Salt Company, at 
Berre (Benches da Bh6ne), the natural process yields — 

1. '* Sels mixtes," from which sulphate of soda is prepared. 

2. Residuary liquor, containing all the potash, which may be extracted by two 
different methods. 

In concentrating at summer heat, from 32-5® to 35<> B. (1*272 to 1*299), the 
liquors deposit a salt containing about equal proportions of hydrated sulphate of 
magnesia and common salt. This is removed, drained in •* camelles,"* and re- 
dissolved, so as to obtain a liquor marking 31-32® B. (1 '26-1 -26), in which the salts 
shall be in the ratio of 1 equivalent sulphate to 1]( equivalent of Balt.t Such a 
Bolution deposits sulphate of soda on very slight cooling, the excess of salt greatly 
oontribntifig to ensure this result by diminishing the solubility of the sulphate. The 
solution is preserved in clay basins, lined with concrete, filled to a depth of about 
18 feet, k> lessen the chance of dilution by rain, which interferes with the success 
of the ciyst^lization. When the atmospheric temperature falls sufficiently low, 
the Uqaid is run out and exposed in layers of 4 to 8 inches in depth. The deposi- 
tion of sulphate commences even at 45^ Fahr., and at 28® four-fifths of the 
theoretical quantity is deposited in the hydrated form. In the morning, the liquid 
is ran off from the sulphate formed during the night, which is drained in " camelles*' 
pirevious to desiccation. When the production of " sels mixtes" is properly 
managed, the mothers at 85® (1*299) contain all the potash of the sea- water. In 
small works, tiiey are evaporated, yielding a complex mixture of sulphate of mag- 
nesia, double sulphate of magnesia and potash, chloride of potassium, and double 
chloride of magnesium and potassium, containing on an average II or 12 per cent, 
of potash. Treated with milk of lime, the mass dried and ignited, they furnish a 
solution from which chloride of potassium may be crystallized ; but as their 
sulphuric add is thus wasted, it is found more advantageous, where the size of the 
works is sufficient, to employ the process next to be described. In the laiger works 
the mothers of 85® (1*299), obtained in summer, arc preserved and exposed in 
autumn to a temperature of about 41® Fahr., at which they deposit hydrated sul- 
phate of magnesia, a large portion of which is consumed in preparing sulphate of 



* Large heaps with inclined sides, containing some thousands of cubic metres, 
t It would seem that some sulphate of magnesia must be added, as the salt in 
the *' sels miztes ** considerably exceeds this ratio. 
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Boda by the method just described, which ntUizes samples of salt contaminated 
with mechanical impurities. After this crystallization, the liqaors are returned to 
the reservoirs, and kept for the next summer's work. By concentration they then 
yield the salt (ECl, 2 Mg CI, 12 HO), mixed with a little common salt. The 
mothers from this salt, are rejected as worthless. The double chloride is dissolved in 
warm water in a boiler ; the chloride of potassium separates on cooling, and is puri- 
fied by re-crystallisation. 

The weak points of this natural system are^ 

1. The difficulty of regulating exactly the temperature. For if, in treating 
the mother liquor of 85^, it fall notably below 41^ F., the sulphate of magnesia is 
contaminated by double chloride, causing a loss of potash and injuring the purity 
of the sulphate. 

2. The absorbent nature of the soil on which the crystallizations are conducted, 
which entails such loss of fluid, that 10 to 20 per cent, only of the total potash con- 
tained in the sea- water, is actually obtained. 

The artificial method starts with liquors marking only 28^ B (1*225), from 
which are obtained, at the works of the C .. Meole, sidphate of soda, fine salt (sel 
fiU'-fin), chloride of potassium, chloride of magnesium, and bromine. 

The liquors at 28^ are conducted to the Carr6 machine, into the cooler of which 
they enter along with a small stream of fresh water, intended to prevent the deposi- 
tion of hydrated common salt. They leave it,- at a little below zero (Fahr.), after 
depositing 86 per cent, ot their sulphuric acid, as sulphate of soda, with ten equiva- 
lents of water. The sulphate is valuable by its absolute freedom from iron, 
•especially for glass making. By passing the liquor at zero, over the pipes through 
which the fresh liquor is brought to the machine, these are economically reduced 
to about H^ F. before entering the cooler. 

The sulphate is rendered anhydrous by stove heat. The liquid from the coolers 
is saturated with common salt from the tables, heated to boiling, and skimmed ; a 
very fine salt (sel fin-fin) is obtained during its further concentration. 

When it marks, while boiling, 34*» B. (1*288), it is allowed to cool in ciystal- 
lizers, where it deposits the salt (KCl, 2Mg CI, 12 HO) free from common salt, and 
containing all the potash present. This is treated with half its weight of cold 
water ; after an hour*s stirring it is allowed to settle ; the solution containing the 
magnesium salt and a little of the potash, is returned into the cycle of operations. 
The chloride of potassium, after draining, contains about 90 per cent, of pure 
chloride. 

If the deeply coloured mothers from this last crystallization, are concentrated 
to 38** B. (1-38) and cooled, they deposit considerable quantities of white crystalline 
chloride of magnesium, accompanied by traces of a bromide.* 

Lastly, the mothers from this crystallization, contain the greater part of the 
bromine, which is obtained in the usual way by distillation with oxide of manganese 
and sulphuric acid. 

The advantages of the artificial cooling are— 

• M. Balard suggests several applications for this salt ; among others, that of a 
source for hydrochloric acid, when the decomposing furnace shall have been super- 
seded by the production of sulphate on his plan. 
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1. The loss by absorption is much less, falling on liquors at 28** B., instead 
of SB"*, 

2» The process is more manageable, the products more sharply defined, and the 
results more quickly obtained. 



No. VIIL— SOLUBLE PERUVIAN GUANO. 
A process for increasing the fertilizing action of this remarkable substance, 
was patented about four years ago, by Dr. Bichardson, the beneficial results of 
which have since been confirmed, by the researches of Liebig, in Germany, and more 
recently by Dr. Voelcker, in this country. 

This Soluble Peruvian Guano can be sold at £11 per ton, and yet its intrinsic 
▼alue is greater than that of the original Guano, as the following analyses and 
valuations prove : — 

Analysis ef Perttman Guano, 

ValnooflOOtoBi. 

... 15-10 

... 61-27 

... 22-18 

... 8-28 



Moisture 

Organic Matter 

Phosphate of Lime 

Phosphoric Acid 

Equal to Phosphate of Lime 
made soluble ... 7'00 

Alkaline Salts, &c 

Insoluble Matter 



X 
X 



£1 
£7 



£ 

61-27 

164-91 



6-07 
2-20 



X 
X 



£38 
£1 



231-00 
6-07 



100-00 


X 

per Ton 


£66 




Ammonia 16*42 


919^2 


Or £13 128. 6d. 




Analysis of Soluble Perwoian Guano, 








V^lneof IWtoBt. 


Moisture 18-00 






£ 


Organic Matter 60-54 


X 


£1 


60-64 


Soluble Phosphate of Lime ... 12-32 








Equal to Neutral Phosphate 








made Soluble ... 19-2^ 


X 


£33 


634-26 


Insoluble Phosphate of Lime... 2'36 


X 


£7 


16-52 


Alkaline Salts, &C. 2-69 


X 


£1 


2-69 


Hydrated Sulphate of Lime ... 1244 


X 


£1 


12-44 


Insoluble Matter 1*66 








100-00 





£1362-77 



Ammonia (fixed) 



12-65 



£66 708-40 



£1424-85 



Or £14 49. lOd. per Ton. 

The soluble Peruvian Guano is not liable to deteriorate in quality like the 
original guano, as all the ammonia is fixed, and the phospates are rendered soluble. 

It is gradually coming into more general consumption ; and the following field 
experiments prove its value as a fertilizer, for both white and green crops :^ 
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No. IX.— JET. 

This material takes its name from a river in Ljcia, which was called Gages in 
the time of Pliny, and the small pieces of jet obtained in the locality were called 
gagiUeSj afterwards corrupted into gagai^ and ultimately into jet. 

It is also called black amber in Russia, because it is electrical when rubbed, and 
being often found in sand and gravel beds. 

This substance was probably worked by the Danes in this country, as the 
Bomans are known to have made use of it for ornamental purposes. Charlton states 
that he found, in one of the Roman tumuli, near Whitby, the ear-ring of a lady, in 
the form of a heart, lying close to the jaw-bone. During the period when the Abbey 
of Whitby was frequented by pilgrims, jet rosaries and crosses were common. The 
manufacture was continued until the time of Elizabeth, when it ceased, and was 
not resumed until about the year 1800, since which period the manufacture haa 
become of great importance to the district. 

It is found in small patches in the top and bottom portions of the upper lias. 
The area in which it has been found is, however, limited, being confined to the alum> 
shale rock. 

It is first found, south of Whitby, on the estate of liEr. Hammond, near to Peak 
Hall, and* going northwards, it is met with in the Mulgrave mines, then in the minea 
of Lord Dundaa, terminating at Skinningrove Beck. The jet district then retreats 
inland to the west, touching Eston, backwards to the Giuisbro* mines, and is found 
in the mines worked at Roseberry, Carlton, all along the Cleveland banks to Aincliife,. 
and thence as far as Easingwold Beck. It is also found in all the valleys of the 
Esk, in Bosedale, Fawdale, Bransdale, Bilsdale, and the whole of the surrounding, 
hills. 

The jet rook varies from six ta seven yards in thickness, but the jet is found in, 
very small quantities, varying from an ounce to 2 cwts., and generally accompanied 
with fragments of bituminised wood of coniferous trees. 

Small pieces of jet are sometimes found washed up on the beaclu 

A common quality is also found in the sandstone near Whitby, called ioftjety. 
of which articles of an inferior description are made» Jet has also been found in- 
small pieces in the Kimmeridge clay in Dorsetshire. 

It is obtained by excavating it from the face of the cliffs on the sea coast, by 
the sides of the valleys, or from old quarry workings in the interior of the county.. 
Although the best portions sometimes realize from 12s. to I4s. per lb., every attempt 
to mine it systematically has proved unfortunate. 

A peculiar odour is sometimes evolved from the rock in which the jet is found ^ 
and Simpson states that it, or a similar material, is often found in a Hquid or soft 
state in the chamber.i of ammonites, &c. 

A fine specimen from Whitby, analysed by Dr. Richardson, was found to contain. 

as f oUows : 

Carbon 79*77 



Hydrogen 

Nitrogen 

Oxygen 

Sulphur 

Ashes 



4-30 
0-47 
13-2^ 
0-91 
1-33 

100-00 
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It is manufactured into every kind of ornament ; and this business is the most 
important trade in Whitby. 

The number of men and boys employed in searching for jet is about 250, while 
between GOO and 700 men and boys are engaged in its manufacture at Whitby and 
Scarbro*. 

The total annual wholesale value of the articles made in the above localities, 
amounts to £125,000. 

We have to express our thanks to Mr. Harrowing, of Whitby, for much of the 
information relating to this interesting mineraL 



No. X.— BARYTA MINERALS. 

Little or no sulphate of baryta is either raised or manufactured in this district, 
the consumption being supplied from Hull, Glasgow, and other places. 

The carbonate of baryta, on the other hand, is almost exclusively obtained from 
mines in this locality, the quantity produced being about 1,500 tons per annum. 

Although it cannot be called a chemical manufacture, yet, inasmuch as it is 
afterwards submitted to chemical treatment, it merits a passing notice. * 

It is largely exported to France and Germany, where it is dissolved in hydro- 
chloric acid. The baryta is afterwards precipitated as sulphate, which is washed and 
dried. It is used as a white color, and for coating visiting cards, 4cc., being sold 
under various names, Satin white, Blanc fixe, &c. 

It was at one time converted into nitrate of baryta, which was decomposed by 
heat to obtain baryta, which was employed in Dubrunfaut's process for separating 
sugar from beet-root molasses. 

There are various qualities, of which the following analyses represent the per 
rentage of carbonate of baiyta present in some of the kinds. 
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TEE MANUFACTURE OF GLASS. 



ROBERT WALTER SWINBURNE. 



The Committee of Local Industry have desired me to prepare a paper 
on the Glass Manufacture of this district ; and I am requested to advert 
to its early local history, its past and present condition, the improvement 
in its processes, and its present extent of produce. These instructions, of 
course, preclude any exposition of glass making as an art, and, therefore, 
in the following remarks the subject will be treated as regards its econo- 
mic position in this locality, and not in relation to its chemical or 
mechanical processes. 

In preparing the following statement I have been much assisted by 
Messrs. James Hartley and Co., of Sunderland, Messrs. Sowerby and 
Neville, of Gateshead, Mr. Bowron, of Stockton, and Mr. Wailes, of 
Newcastle. 

• Newcastle-on-Tyne, and the district immediately adjacent, has long 
been celebrated for the manufacture of glass ; and that kind used for 
architectural purposes, which may be considered the most important 
branch of the art, was first made in Great Britain within the precincts 
of this ancient borough. 

The manufacture, as carried on so long in this locality, consists of 
the following principal departments, viz., Plate, Crown, Sheet, Flint, and 
Bottle Glass. 

PLATE GLASS. 

The art of casting plate glass by throwing the molten material on an 
iron or copper table, and rolling it into a sheet of equal thickness, was first 
adopted in England, in Lancashire, in 1771; but there is abundant 
proof that plate glass, of smaller dimensions, was made before that 
time at South Shields, near this town, where is situated the only 
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znanufactorj of plate glass in this distinct. In the early part of 
the seventeenth century, an article called blown plate glass was made 
at that place, and the manufacture was continued by the family who 
originally established it, until 1845, when the process was abandoned, 
being entirely superseded by the cast plate. In this is afforded an 
instance of the superiority of machinery over manual labour. Blown 
plate glass, which was the great original of the art in all countries, 
depended entirely in its manipulation on the strength of lung and dex- 
terity of muscle of the individual operator, whose chef d^eeuwe was 
about 4 feet long and 2^ feet wide ; whereas the cast plate is made by 
the co-operative effort of 20 men, who move from the furnace the crucible 
in which the material is melted, and by means of powerful machiner}^ 
roll it into a plane of any required dimensions. The record of the daily 
manufacture of blown plate glass at South Shields, in 1760, is still extant, 
and affords a curious proof of the infancy of the art and of the diflEiculties 
of the operator. Up to the year 1845, the returns of the Excise duty 
show that there was more plate glass made at South Shields than at any 
other manufactory in the kingdom. In that year the Excise duty on 
glass was abrogated, and, in consequence, the produce of this manufac- 
tory has been quadrupled. Previous to 1845, tlie quantity of unpolished 
plate glass blown and cast at South Shields was 312,000 feet per annum. 
Now, its capability of produce is 1,248,300 feet per annum. 

A new kind of plate glass, called rolled plate, has been for some time 
manufactured at Sunderland, by the spirited firm of Messrs. James 
Hartley and Co. The invention is due to Mr. James Hartley, who has 
had the honour of establishing a new branch of manufacture of great 
public utility. This new article somewhat resembles unpolished plate 
glass, but is lighter in substance, and eminently fitted for roofing and 
other purposes of construction where translucency only is required. It 
is made in two or three other places in the kingdom, but Messrs. Hartley 
and Co. alone produce 18,000 superficial feet per week, or nearly 1,000,000 
feet per annum, representing a value of nearly £15,000. 

CROWN GLASS. 

Ordinary window glass was first used in Great Britain for architectural 
purposes at the great monasteries at Monkwearmouth, on the river Wear, 
and at Jarrow on the Tyne. 

The Venerable Bede, our first ecclesiastical historian, who flourished 
at the former place in the seventh centuiy, relates that his cotemporary, 
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the Abbot Benedict^ sent for artists beyond seas to glaze the monastery 
of Wearmouth. St. Bede and St. Benedict were, in their day, great pro- 
moters of literature and the fine arts, and they imported from all parts 
of Europe everything that could give splendour to their churches and 
inspire their disciples with a lofty enthusiasm. Such was the change made 
in their churches by the use of glass instead of other and more obscure 
substances for windows, that the unlettered people avowed a belief, which 
was handed down as a tradition for many generations, that " it was never 
dark in old Jarrow Church.** 

By a singular coincidence, the first manufactory of window, or crown 
glass, in Great Britain was established at Newcastle-upon-Tyne, within 
a few miles of these monastic establishments. In the year 1616, Admiral 
Sir Robert Mannsell erected glass works at Newcastle, which were carried 
on, without interruption, till nearly the middle of the present century, 
when they were closed. 

When the British Association last held their meeting in Newcastle- 
upon-Tyne, there were six large crown glass manufactories in operation 
on the river Tyne, producing annually upwards of 7,000,000 feet of 
window glass. 

These manufactories have now ceased to exist, owing chiefly to the 
introduction of sheet glass into this country, and the comparatively low 
price at which plate glass can be now had. Crown glass is made in a 
circular shape, which, of course, involves a considerable loss of surface in 
being reduced to the rectangular shape, in which all window glass is used, 
and the knob, or '' bullion" in the centre, limits the size of the window 
panes. The public taste now demands panes of large dimensions, an 
object which is attained by the use of sheet glass, and although crown 
glass maintains the palm of greater brilliancy, yet it must be esteemed 
in the light of an effete manufacture, and will gradually die out in this 
country as it has already done on the continent. The manufacture of 
sheet has been at different times carried on to a small extent in the old 
window glass works of the river Tyne, but it is now entirely abandoned, 
so that, in the birthplace of the art in England, there is now not a foot 
of window glass manufactured. But, in the progress of the arts, we 
constantly see that one process is superseded by another ; and although 
this important branch of industry has become extinguished on the Tyne, 
a cognate process has been established with great success in the neigh- 
bouring district of the river Wear, producing a larger quantity of window 
glass than was made in the six extinct crown works of the Tyne. To 
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Mr. Chance, of Birmingham, and Mr. Hartley, of Sunderland, we are 
indebted for the introduction into this country of the manufacture of 

SHEET GLASS, 
Which may be said to have given a new feature to our public and private 
edifices. Made originally in a rectangular shape, it is more mechanically 
adapted for use than crown glass, and having no knob, or " bullion," in 
the centre, it supplies the desideratum of large panes at a low price. So 
great were the di£ScuIties attending the introduction of this manufacture, 
that although the original experiments commenced in 1832, the manu&c- 
ture was not fairly established until 1838. 

There are two manufactories of sheet in this district, and their united 
produce is 8,000,000 superficial feet per annum, which, at a low rate of 
value, is worth £60,000. 

Messrs. James Hartley and Co., of Sunderland, state that their make 
is equivalent to one-third of the English-made sheet glass consumed in 
England, and equal to about one-fourth of the entire produce of this 
country. 

This article has long been manufactured on the continent, but owing 
to the vexatious restrictions of our Excise Laws, it could not be made 
here, and the gentlemen who introduced it into England were obliged to 
obtain an alteration of the laws in order to construct the proper furnaces 
for its manufacture. 

FLINT GLASS (thk Crystal of the Ancjibnts) 
Has been made in Newcastle and its neighbourhood for a very consider- 
able period ; but its early history in this locality is obscure. It is more 
than probable that its manufacture was first introduced here by Sir 
Bobert Mannsell, who, as before remarked, established glass works in 
this borough in 1616. This gentleman being a manufacturer of flint 
glass in London^ it is very probable that some of the early flint glass 
works in this neighbourhood owe their origin to him. In the Council 
books of this town mention is made of flint glass works existing in 1710 
and 1737. Originally made from triturated flint, tliat designation has 
been continued, although the flint of former days has long been super- 
seded by silicious sand. The manufacture is divided into two brailches, 
viz., blown and pressed ; the first being produced exclusively by manual 
labour, and the latter chiefly by machinery. The blown glass retains its 
eminence for brilliancy, in consequence of its facets being produced by 
elaborate polishing, whereas in pressed glass, they are the result of pres- 
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sare of a metallic mould on the plastic surface in a heated state. Owing 
to causes hereafter adverted to^ the manufacture of blown flint glass has, 
in this nei^bourhood, declined as much as 6tty per cent.; but the 
manufacture of pressed glass has recently been prosecuted with great 
vigour and success in this locality. One firm, which is at the head of 
this branch of trade, formerly produced annually 850,000 lbs. weight of 
blown flint glass, now make of pressed glass about 3,000,500 lbs. weight. 
The annual produce of flint glass on the 'tjne and Wear is estimated, 
by competent authority, at 10,000,000 lbs. weight, the wholesale value 
of which — ^including its cutting and ornamentation — is about £200,000. 
The manuiacture of pressed glass has cheap^ed flint glass articles to 
such an extent, that almost the poorest of the population may be supplied 
with elegant articles of domestic use, which a few years ago were far 
beyond^heir reach. 

GLAB8 BOTTLBS. 

As in other branches of the glass manufacture, this district has been 
most eminent for the production of common glass bottles. In the Com- 
mon Council books of this borough, of the date of 1737, four bottle 
manufactories are specifically mentioned; and there is proof that the 
Close Gate Bottle Houses in this town were of still greater antiquity. 

This neighbourhood was deemed especially adapted for the manufac- 
ture of bottles, not only from the cheapness of fuel, but from the vicinity 
of an extensive fluvial deposit at Jarrow Slake, which was long used as a 
material in the manufacture. It consisted chiefly of silicious, calcareous 
and argillaceous earths in excessive comminution, mixed with carbona- 
ceous and saline matter — ^which last was held to be a powerful solvent 
of the earthy matter of which the bottles are made. 

Sxperience has long substituted more simple materials for this primi- 
tive compound ; and it is found that bottles can be made wherever lime 
and sand are found, independently of this once highly-esteemed '' deposit 
of nature." Since the repeal of the duty, in 1 845, the produce of common 
glass bottles has increased four-fold; but there are other causes that 
have materially contributed to this result. The rapid rise of Australia, 
and the increasing taste for bitter beer there, in India, and in most parts 
of the world, have created an immense demand for bottles. 

During the year 1862 there were 47 bottle houses in operation on 
the banks of the Tyne, the Wear, and the Tees, and their produce was 
about 4,230,000 dozens. 

c c 
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There has been no important improvement in the manufacture of 
black bottles for the last 20 years, and in the manipulation there has been 
no change. The baneful union amongst the workmen forbids all attempts 
in that direction. The ancient process of fritting, at one time in use in 
the manufacture of window glass, continues to be used by the maker of 
black bottles > and no process has been adopted by which, as in other 
branches of the art, the component materials can be thrown at once into 
the crucible without heating in a preparatory furnace. 

A new manufacture of bottles has recently sprung into existence, and 

this district has taken a prominent part in it. A mixture, somewhat 

similar to that used in making crown and sheet glass, is employed in 

making what are termed pile bottles, the colour of which is that of window 

glass ; besides being of a light colour, the skill of the manufacturer has 

j given them every variety of tint by the interfusion of metallic colouring 

I matter ; and vessels of various, and in many cases of tasteful design and 

colour^ are made in great abundance, and are in most extensive use. 

I A firm at Blaydon, in this neighbourhood, has attained considerable 

I eminence in this new branch of business, and there is no doubt, that it 

furnishes a field of great improvement in the approximation of its products 

to the lucidity of flint glass, without the use of the expensive metallic 

ingredients used in that manufacture. 

STAINED GLASS. 

The beautiful art of coloured glass, or what is termed stained glass, 
has been carried on most successfully for some years in this borough by 
Mr. WiUiam Wailes and others, and the tasteful designs and beautiful 
colouring of Mr. Wailes' numerous works have given him a great 
celebrity throughout the kingdom. A great improvement has been 
made in this description of glass, inasmuch, as exterior staining has 
been superseded by glass made of the required tint in the crucible of 
the manufacturer. The glass therefore is not stained, but is inherently 
of its peculiar colour. 

It is manufactured of any tint at the works of Messrs. James Hartley 
and Co., of Sunderland. This process of making coloured glass in the 
crucible has restored the art to its pristine state,, for in such manner glass 
was made by the old masters. By its means the brilliaiicy and durability 
of the old coloured glass has been obtained, and all the colours of anti- 
quity are produced by our modem manufiEUJturers in greater brilliancy — 
ruby alone excepted. 
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In the production of this colour our manufacturers are gradually 
approaching the ancient standard. It is ascertained that there is something 
in the undulating and imperfect surface of the glass of the fourteenth 
century^ which renders it more adapted to display intensity of colour than 
the more perfect glass of modern times. HencO; the coloured glass 
makers resort to the use of a glass as ihe basis of their colour^ which of 
itself is of the most rude and imperfect character. 

IMPEDIMENTS TO PROGBESS. 

A great impediment to the progress of the glass manufacture in this 
district^ is the trades' union amongst the workmen. In the blown flint 
trade, the union exercises a power which amounts to a domination over 
the employer. In one case, at least, a manufacturer permanently gave 
up hi» business from this cause, and in other cases large works have 
been for a time wholly suspended. At present the blown flint glass 
maker can only obtain a workman by taking the first on the union list, 
and he must take the chance of his having the requisite qualifications, 
and must receive him without a character. The workmen in a large 
window glass factory on this river struck work, because a non-union man 
had been employed in a subsidiary part of the process. They abandoned 
their work the moment the obnoxious man made his appearance: the 
materials oq which they were operating, of the value of £300, were 
spoiled, and the works were a long time dormant. The relation of master 
and man in the blown flint and bottle trades amount to a chronic strike. 
Labour in these trades is the great element of expense, — the men regu- 
late that expense by a dictation against which the master is helpless. 

A respectable flint glass manufacturer makes the following state- 
ment :— 

The glassmakers' society decides upon the number of apprentices the 
master shall employ, and the rate of wages he must pay his men. It 
also orders the allowance of what is termed " drink money," which is 
daily spent in the purchase of intoxicating liquors. This induces 
unsteadiness in the men, and in the majority results in habitual inebriety. 
The apprentices and boys are encouraged by precept and example to 
follow in the same course, so that the evil is perpetuated. The master is 
powerless to prevent intoxication, for if the drink money is withheld the 
whole of the men strike work. The manufacturer is obliged to provide 
the men a certain quantity of what is termed '^ metal,'' i.e., molten 
materials to make into goods, but if they cannot, or will not, work up 
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all this metal^ the master has no redress^ it must be laded out of the 
crucibles as waste, and the employer must give the men more drink for ' 
lading it Thus, these infEituated men^many of them endowed witb 
great ability in their crafb — ^impair their own efficiency by their sensuality^ 
violate the first principles of political economy, and inflict upon the 
employer a burden which hopelessly fetters him in the race of competition 
and improvement. 

This insensate oppression is derogatory to the intelligence of our time, 
and most seriously obstructive to our local commerce. Large orders have 
been transferred firom the Tyne to Belgium, and the manufacturers here 
purchase foreign glass, for the production of which they have every 
appliance at home^ except labour at a reasonable cost. The success of 
the pressed glass manufacture is greatly to be attributed to its being 
independent of skilled workmen, its operations being chiefly carried on 
by machinery. 

Another impediment arises from the prohibitory duties imposed by 
foreign Governments. 

The English makers of plate and window glass have represented to 
our Government that their cost of labour is 60 per cent more than that 
of the foreign rivals who are allowed to import their produce to this 
country duty free, whereas the continental duties are prohibitory. In 
many articles the English manufacturer could compete with his foreign 
rival. He asks no protection, but desires equal terms with others, and 
he will take his chance in the competition. The English manufacturers 
of glass universally complain that our diplomatists negotiate treaties, 
and settle tarifls without pre-consultation with persons versant with the 
trade; and they think that better terms might have been had if more 
information had been previously obtained. 

IMPROVEMENTS. 
As regards glass processes generally, it cannot be denied that they 
present a great field for improvement. To those who study them in 
their scientific bearings, there appear many desiderata; and it is to be 
hoped that the manufacturers engaged in this important branch of our 
national commerce, will energetically pursue the improvement of an art 
which most materially promotes the physical comfort and intellectual 
taste of the people — which has brought the costly crystal of antiquity to 
the tables of the poor, and has given, without stint, the light of heaven 
to the humblest of their habitations. 
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THE MANUFACTURE OF EARTHENWARE. 



CHttlSTOPHSR THOMPSON MALINO. 



Tbb manniiiotare of white earthenware was introduced into this district 
by Mr. Warborton, at Garr's HiU Pottery, near Gateshead, about 1780 
x>r 1740. These works were Tecy successfully carried on for 70 years, 
when they gradually declined, and in 1817 were closed A small portion 
of the building is stUl used as a brown ware pottery. 

The next manufiietory was built by Mr. Byers, at Newbottle, in the 
county of Durham, about 1756, where brown and white earthenware 
fltiS ccmtinoe t& be made. 

In 1762, Messrs. Christopher Thompson and John Maling erected 
works at North Hylton, in the county of Durham ; their successor, Mr. 
Bobert Maling, in 1817> transferred his .operations to the Tyne, where his 
descendants still continue the manuftBCture. 

St Anthony's, Stepney Bank, and Ousebum Old Potteries were 
oommenced about the year 1780 or 1790. 

Messrs. A. Scott and Co., and Messrs. Samuel Moore and Ca, erected 
potteries at South wick, near Sunderland, the former in the year 1789, 
the latter in 1808. 

The pottery carried on by Messrs. John Dawson and Co., at Hylton, 
was built by them in 1800. 

The works of Messrs. John Carr and Sons, at North Shields, were 
erected in 1814. 

Messrs. Thomas Fell and Co. built St. Peter's Pottery in 1817. 

The establishment of Messrs. Skinner and Co., Stockton-on-Teesy 
dates from 1824. 

There are now about 26 potteries in this district, of which, on the Tyne, 
6 manu£Eu;ture white and printed ware, 4 white, printed and brown ware, 
and 8 brown ware only; employing 1200 people, and manufacturing 
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yearly about 12,000 tons of white clay and 3000 tons of brown clay, and 
consuming in the process of manufacture about 84,000 tons of coal. 

On the Wear there are 2 potteries manufacturing white and printed 
ware, 2 white, printed, and brown ware, and 2 brown ware only; 
employing about 500 people ; manufacturing yearly about 4000 tons of 
white clay, 1500 tons of brown clay ; consuming in the manufsusture 
about 14,000 tons of coal. 

On the Tees there are four potteries manuiacturing white and printed 
ware, employing 500 people, manufacturing 5000 tons of white clay, and 
consuming 13,000 tons of coal. And 2 at Norton manufacturing brown 
ware ; the particulars of their operations I have not been able to obtain. 

The potteries in this district, being situated upon navigable rivers, 
have great advantages over their inland competitors, Staffordshire and 
Yorkshire. The expenses on clay from sea freight, and inland carriage, 
average Ids. per ton to Staffordshire, and 5s. per ton to this district ; and 
in flints the advantage is still greater, in Staffordshire the average being 
198. per ton against 4s. 6d. per ton here. Coals, although a little dearer 
here per ton, are so much superior in quality that 80 tons of Newcastle 
coals are equal to 100 tons of Yorkshire or Staffordshire. 

About 1858, Messrs. Skinner and Co., of Stockton-on-Tees, first 
applied Needham and Kite's Patent Filtering Press for expelling the 
surplus water from the slip, which had formerly been done by evaporation. 
This is a much cleaner and better process than the old system, and is now 
adopted by 30 or 40 potteries in England and Scotland. 

With the exception of 3 potteries in this district, and 1 at Glasgow, 
machinery has been very little applied to the manu&cture of earthenware, 
and even at these works not nearly to the extent to which it is capable of 
being profitably adopted. 

One manufactory on the Tyne (Ford Pottery) having the best macht 
nery, supplies at least 80 per cent, of the jars used by confectioners for 
marmalade and jam, tic., in England and Scotland. 

The description of goods manufactured in this district, is that usea 
by the middle and working classes, no first-class goods being made here. 
The principal markets, in addition to the local trade, are the Danish, 
Norwegian, German, Mediterranean, and London, and for exportation to 
the colonies. The trade to the United States being so very small from 
here, the American war has affected this district less than any other. 
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THE MANUFACTURE OF FIRE-CLAY GOODS. 



JOSEPH COWBN, BLAYDON BURN. 



Pire-Clat is obtained in large quantities in the two counties of Durham 
and Northumberland. 

It usually lies beneath the Coal-measures in layers, varying in thick- 
ness from 12 inches to 5 or 6 feet. It is found in most abundance, and 
in best quality, beneath the coal used for coking and manufacturing pur- 
poses. Silica and alumina are the two substances of which fire-clay is 
chiefly composed. The refractory character of any sample of fire-clay is 
determined by the proportions in ^hich these two ingredients are 
contained, and by the absence of lime, iron, and other easily fluzible 
substances. 

The best descriptions of fire-clay — those which, when manufactured, 
are capable of resisting the greatest heat— always contain a large portion 
of silica. The following are a series of analyses of samples of fire-clay 
taken from seven seams, all worked in the mines belonging to one fire- 
Vrick manufacturer, situated a few miles west of Newcastle :— 

Koe. 12 3 4 5 6 7 

61-10 ... 47-56 ... 48-66 ... 61-11 ... 71-28 ... 8829 ... 69-26 
81-86 ... 29-50 ...• 80-26 ... 8040 ... 17-76 ... 8-10 ... 17-90 



Silica ... 
Alttmina 
Oxide of iron 
Lime 
Magnesia 
Water andorgamc 

matter ... 10-47 ... 12-01 ... 10-67 ... 12-29 ... 6-94 ... 8-64 ... 7-68 



4-68 ... 918 ... 4-06 ... 4-91 ) 2-97 

2*48 ] 

1-80 



4*91) 
1-76 3 



1-46 ... 1-34 ... 1-66 

1-64 ... 0-71 ... 1-91 ... trace 2-30 



) 2*99) 



From these analyses it will be seen that clays of various kinds and 
qualities lie in close contiguity to each other, and can be worked out of 
the same mine. 
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The possession of such a series of beds of clay so situated, gives great 
iiEU^ility to the manufacturers in this district^ as it enables them to mix 
the different descriptions of clay with a view of adapting the articles 
made therefrom to different purposes. This is a fiicility enjoyed by the 
northern fire-clay manufacturers to a g^reater extent than by those in any 
other part of the United Kingdom. Fire-clay being found in more 
abundance, and being capable of being more economically worked in the 
Northern Coal-field than in any part of Europe^ accounts for the extent 
of the business in fire-clay goods in this district. 

The trade in fire-clay goods is of comparatively recent origin. Its 
progress at first was slow, but during the last 40 years it has extended 
rapidly^ and is still on the increase, the extension during the last 25 
years has been especially marked and important. Fire-bricks were first 
made on the Tyne about 100 years ago. 

For many years all that were made were consumed in the manu&c- 
tories in the neighbourhood. 

Slowly but gradually the trade increased, and the goods made were 
sent in larger or smaller quantities to different parts of the United Eing^ 
dom, and to some of the chief ports in Europe and the British Colonies. 

The extent of the trade in the year 1838 was as follows :— 

The niimber of bricks mautifaetimd at that tfane, per amnun 
was about 7,000,000. 

The local consaznption then was about 2,5iOOfi90 

The quantity sent to other parts of the United Kiagdom was about 8»000,00d 
And the qoaatity exported was about .*« lJMfilO(^ 

The extent of the trade at the present tone is as fellows >^ 

Number of fire-bricks made per annum, about 80,000,000 

The local consumption is estimated at 48|000,00O • 

The quantity sent to other parts of the United Kingdom is estima- 
ted at 87,K0O,00(^ 

And the quantity exported 9,500,000* 

It will be seen firom the aboTe figures that the local oonsumptioa ^ 
fire-clay goods has increased^ during the last quarter of a century^ I70O 
per cent.; the home trade upwards of 900 per cent, and the export trade 
upwards of 600 per cent The average increase has been about 1100 
per cent. 

There has been very little alteration in the art of making fire-bricks^ 
except in the construction of the moulds^ which were at first made <ii^ 
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woody and are now made of brass or other metal^ and some of glass. 
The way in which bricks are made at present does not differ materiallj 
from the way they were made a century ago. Bepeated attempts have 
been made to apply machinery to their production^ but heretofore without 
success. The plastic nature of fire-clay^ and the character and variety 
of the articles made from it, renders the application of machine power 
difficulty and the advantages derivable from its adoption comparatively 
trifling. In Wales machinery has been used for making fire-bricks^ but 
the fire-clay of that district differs in its nature firom that got in the 
North of England. 

Machinery has, however^ been very extensively and successfiiUy 
applied to the preparation of the raw material. Indeed, had it not been 
for the improved mode of grinding and pugging the clay— -which 
machinery has supplied — it is doubtful whether the trade could have 
developed in the way it has done. Great improvements hare also been 
made in the manner in which various kinds of clay are mixed and pre- 
pared for manufacturing purposes. 

The exposure of fire-clay to the action of the weather has a most 
important and beneficial influence on its quality^ as it separates the 
impure portions from the good clay^ and enables them to be seen and 
picked out with ease. 

Those manufacturers who have capital and sufficient space to weather 
their day effectively; and who are so favourably situated as to have at 
their command a varie^ of clays, containing the essential ingredients in 
difii9rent proportions, have great &cilities for preparing the materials, 
and adapting them to make articles suitable for all purposes for which 
fire goods are used. 

Forty years ago, the manufacture of fire goods was limited to making 
fire-bricks of the ordinary shapes and sizes. Since that time fire-clay 
goods have become much more generally used, and the articles made 
from fire-clay are both numerous and complicated. Articles intended for 
ornament, as well as goods designed for the most substantial works, have 
been alike constructed from it with success, and hence^ also, its use as an 
article of commerce is daily increasing. Gas retorts made of fire-clay 
have, within the last 20 years, gradually become adopted, and they are 
now generally in use in all gas works. 

The improvement in the manufacture of this class of fire goods has 
been very considerable. Great difficulties were experienced at first in 
making retorts of fire-clay of the required dimensions and free from 

D D 
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cracks ; but as the trade extended these difficulties decreased^ and the 
demand for the article increased. 

The number of clay retoils now made in this district will be about 
12;000 per annum. 

The use of clay retorts by gas companies has destroyed the con- 
sumption of iron retorts, and caused a very considerable saving in the 
manufacture of gas. All large gas establishments have been enabled, by 
the use of clay retorts instead of iron ones, to considerably increase their 
profits. Some are understood to have been able almost to double their 
dividends through the change from iron to clay retorts. The use of clay 
retorts has^ however, diminished the number of fire-bricks, tiles, and the 
various smaller kinds of fire goods formerly consumed by the different 
gas companies in setting their iron retorts. 

Fire-clay pipes are now often used for lining chimneys in dwelling 
houses, hospitals, &c. The use of such pipes, as safeguards against fire, 
cannot be too highly recommended. Fire-clay is also largely used for 
making chimney tops, baths, flower vases, and other ornamental articles. 

Many of the common and lowest priced description of fire-bricks are 
now used for ordinary building purposes in the construction of dwelling 
houses, warehouses, &c. 

The great increase in the demand for fire-clay goods has been caused 
by the increase in the number of iron, gas, and alkali works, and the 
rapid and great extension of the trade for coke for locomotives. 

The price and quality of fire goods vary considerably. Fire-bricks 
made of the inferior descriptions of clays and manufactured in the least 
expensive way, are sold as low as 30s. per 1000, while the best kinds, 
made from superior clays and manufactured with the greatest care, are 
sold at 55s. per 1000. 

Fire-clay has, for some years past, also been used extensirely in the 
manufiicture of sanitary pipes, for which purpose it is well adapted. The 
smaller main sewers and branch drains in all new works are now made of 
glfized fire-clay or earthenware pipes. Clay pipes, although in their 
adaption to driunage comparatively modem in their use, are yet of great 
antiquity, having been found in the ruins of Nineveh in a perfect state of 
preservation, where they appear to have been used for the conveyance of 
water to the various aqueducts in the city. 

Fire-clay is found to be a more suitable material for the manufacture 
of sanitary tubes than either earthenware or stoneware. The greater 
amount of heat that is required to vitrify it makes the pipes better bumt^ 
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while the thickness they are usually made increases their strength and 
darability, and at the same time enables them to resist the action of the 
chemical agents found in suspension in the liquid sewage. 

At an early period of their manufacture the old system of moulding 
these pipes in plaster moulds was abandoned and a more expeditious 
method of making them was adopted by the introduction of suitable 
machinery, in some cases propelled by hydrauliC; but more generally by 
steam power. 

The usual form of a steam-pipe press is a simple cylindrical boz^ 
which, being filled with properly tempered clay, has a ram or plunger 
working in it, which being set in motion by the direct action of steam, 
admitted to the steam-chest by the moving of a handle, presses the clay 
to the bottom of the cylinder through dies of various sizes. The socket 
and the pipe being made simultaneously at one blow, and the pipe being 
cut with a wire is carried off on boards to stiffen, after which a slight 
dressing by hand makes it ready for the kiln where it is burned. 

The rapidity with which these pipes are made is very great, 5 men or 
boys being able to turn out about a mile of them in a day, from 3 to 6 
inches in diameter of 2 or 3 feet lengths, or a proportionate number of 
the larger sizes. The highest bore these pipes have reached is 3 feet 
diameter, but these are very seldom used, being found more expensive 
than a brick drain of the same dimensions, but 18 inches diameter pipes 
and under are the sizes used most generally for main and side drains. 

In addition to their cheapness these pipes are found of almost universal 
adaptation from their internal smoothness and cylindrical form. 

When properly laid and well jointed, a fall of an inch in 1000 yards 
will enable the sewage to flow through them without stagnation or 
interruption. 

These pipes are all glazed externally and internally with a powerful 
salt glaze. 

By the use of glazed fire-clay and earthenware sanitary pipes the 
drainage of a large number of places in the United Kingdom has been 
much improved. 

In the counties of Durham and Northumberland, Darlington, Durham, 
Sunderland, North and South Shields, Morpeth, Alnwick, and other 
smaller places have all been drained chiefly by the use of fire-clay pipes, 
manufJEictured principally on the Tyne. 

Although the larger portion of these pipes are used for the convey- 
ance of subsoil drainage, they are also used in large quantities for the 
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conveyance of water. They have been approved of by many hydraulic 
engineers for that purpose as the proper description of pipe to be used 
where the pressure is not gresit, as, by their use, the evil accruing to the 
quality of the water by transmission through lead or metal pipes is entirely 
avoided. The pressure these pipes will sustain is very considerable. 
Some manufactured on the Tyne have been tested, and found to sustain 
a pressure of 80 lbs. to 120 lbs. on the square inch. This is a very fiiir. 
pressure for a pipe manufactured of clay, but as the manufacture pro* 
grosses it will no doubt go much beyond this. Glazed fire-clay pipes 
form a channel for the conveyance of water which never corrodes^ and 
in its essential properties is imperishable. 

Fire-brickB made per annum, are eptimaied at 80,000,000 

Fire-clay retorts per annum, abont 12,000 

Fixe-claj glazed pipes made per annum, 8 in. to 15 in. diameter 176 mflea 

Fire-clay, ground, sold per annum, estimated at 60,000 tons 

Fire-clay required to make the aboTC bricks, retorts, and pipes, 

estimated at 295,000 tons 

Coals required in the manufacture of the above, estimated at 150,000 tons 

Men and boys employed, estimated at 8,500 

Amount of wages paid per annum in the northern fire-clay works 

estimated at illlO,000 

Fire-bricks used in the locality, estimated at ... 48,000,000 
Fize-bricks sent to other parts of the United King- 
dom, estimated at 27,600,000 

Fire-bricks exported 9,500,000 

80,000,000 

Fire-clay exported, estimated at .,* 8,000 tons 

Fire-bricks made in the year 1888, estimated at 7,000,000 

Fire-bricks used in the locality in 1888, estimated at 2,600,000 
Fire-bricks sent to other parts of the United King- 
dom in 1888, estimated at 8,000,000 

Fire-bricks exported in 1888, estimated at 1,500,000 

7,000,000 




fel5I>Q^ 



No. 1. 




I 



No. 4. 



APPENDICES. 



No. I.— GLASS. 

The mannfactnre of rolled pUite glaae is worthy of a mote extended notice than 
was admiMible within the limits of the paper on glaae, read at the meeting of the 
Aaaodation. 

In the preparation of glass for polishing, no care is taken as to its surface, that 
being entirely remored daring the subsequent process of polishing, and a new 
exterior produced. Kerertheless as this unpolished glass is translucent, can be 
produced at a cheap rate, and is of a strength to resist hail storms and other 
concussions which would be destructiTe of crown or sheet glass, it has been used 
largely for roofing and other common purposes, eren though its surface is rough 
and untransparent. The necessary thickness of unpolished plate glass is from 
one-fourth to three-eighths of an inch, giving it a weight of from 4 lbs to 6 lbs 
per foot, and this precludes its use for horticultural and other structures where 
heavy timber framing is inadmissible. 

The rolled plate, on the contrary, can be made one-eighth of an inch thick, 
weighing 2 lbs per foot, and while this tenuity of substance renders it compatible 
with wooden or iron frames of a light construction, it is found that where plates of 
moderate sise are used it is equally capable with rough plate to withstand atmos- 
pheric influence and ordinary accidents. The inventor has succeeded in giving it 
a surface quite free from the nodular or corrugated appearance of rough plate, 
and at the same time in imprinting upon it a pattern which gives it a more 
translucent appearance. The molten glass of which it is formed is thrown upon a 
table which is engraved or indented so as to produce the pattern required, and the 
glass when cooled represents the counterpart of the indents. Fig. No. 1 of the 
subjoined sketch represents what is called " plain patent rough plate," and has upon 
it only the longitudinal and parallel lines impressed on the table by a planing 
machine. Ninety per cent, of the consumption is of this description. 

If the indentations on the table are deeper, the result is a fluted or grooved 
appearance as presented in flg. No. 2, which represents a piece of glass having 
12 flutes to the inch. Fig. 8 has 8| flutes to the inch. In fig. 4 the pattern is made 
to represent the quarry glass used in churches and other public buildings, the 
equilateral triangle being of translucent glass instead of the opaque lead or iron in 
common use. Fig. 5, represents, on a reduced scale, the stained quarry glass of a 
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more ornamental character than others, and No. 6 ahows a specimen of diamond 
rough plate. 

This article is made by lading the molten glass, technically called " metal," 
from a large crucible called a " pot," in which the materials are melted, on to an 
iron table where it is rolled into a flat plate. It is then transferred to an annealing 
kiln, where it is placed on its edge, and remains until sufficiently cooled for use. 
This act of lading occasions a quantity of air bubbles in the "^ metal," which render 
it unfit for use as polished glsAs, but do not retract from its translncency. In the 
manufacture of plate glass for polishing, the entire contents of the "cistern*^ or 
Tessel in which the materials are melted, are thrown on the casting table, and ther^y 
the bubbles and other defects, incident to the lading process, are prevented. 

The economy of the rolled glass process, consists in the use of a large crucible 
instead of a small one necessary in the ordinary manufacture of plate glass. Alao 
in the plates being made so small, as to admit of their being placed in an almost 
perpendicular position in the annealing kiln, instead of an horizontal one, as in the 
old process, which necessitates a large space and costly erectiona. 



No. IL— FIRE-CLAY WARES. 

GOWEN^S PATENT FOR MAEIING FIBB-CLAY GAS EETORTS. 

Mr. Joseph Oowen, of Blaydon Bum, the writer of the paper on " Fire*clax 
Wares," has a patent for making fire-clay gas retorts, a drawing a^d full description 
of which is appended. 

Theae improyements in making retorts for generating gas may be considered 
under two heads. Firstly, the new combination of earthy and other materials, of 
which the retorts are to be constructed ; and secondly, the norel kind of moulds 
and machinery by which the retorts are to be shaped and manufactured. 

The object of the patentees is to make such clay retorts, for generating illumi^ 
nating gas, as will be capable of withstanding the effects of the various changes of 
temperature to which they are required to be exposed, and consequently render 
them leas liable to crack. To accomplish this, he proposes to mix with Newcastle 
fire-clay Stourbridge fire-clay (or any other kind of clay suitable for the purpose), 
sawdust, pnlTerised wood, charcoal, coke, carbon obtained from the interior of gas 
retorts, and other carbonaceous materials, in such proportions as the quality of the 
clay may require. The more aluminous the quality of the clay, the larger will be 
the quantity of carbonaceous matter required to be combined therewith. From 
one-twentieth to about one-fourth, by measure, of carbonaceous matter, compared 
to the whole mass of earthy materials employed, may be combined ; this Tariation 
of quantity depending, as before stated, upon the aluminous condition of the clay — 
a feature well understood by potters and the makers of clay retorts. By these 
means the clay is rendered partially porous, and consequently less Uable to crack 
by the change of temperature. Clay retorts, for the generation of illuminating gas,, 
of all forms and structures, may be made of these combinations of earthy and car- 
bonaceous materials. 
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' The second part of the inyention Applies to the peculiar kind of moulds, and 
the machinery to be employed, for manuf actnring gas retorts from earthy materials, 
which wi]l be seen by reference to the annexed diagram. 

Fig. 1 represents the external appearance, as seen from above, of the improred 
machine for forming retorts of clay by compression ; fig. 2 is an end Tiew of the 
same ; and fig. 8 shows the internal parts of the machine, by means of a longitu- 
dinal section, taken Tertically, a a is a cylindrical box or chamber, into which 
the plastic clay and other materials are to be introduced, through a man-hole or 
aperture, h, at the top ; odiBA core, made towards the end o, to the figure of the 
required internal form of the retort, the other part of the core, d, being cylindrical 
and hollow, for the sake of lightness. 

This core is placed concentrically within the cylindrical box or dnunber a, and 
is made fast thereon by a stud and key, 0, to the end plate,/, /, of the cylinder. A. 
circular plate, ^, acts as a piston with the cylinder, sliding over the core, <f, for the 
purpose of compressing the plastic clay and other materials contained therein^ 
which piston has several rods, A, A, A, affixed to it, whereby any actuating power or 
mechanical force may be implied to drive the piston forward. To the front end eff 
the cylinder there is attached a nosepiece, i, i, with a plate, il, which, together, may- 
be caQed the mould ; for, on the piston being forced up, the plastic day is made toi 
fiU up the nosepiece, and to mould or form the end of the intended retort, whidl^. 
when the machine is in operation, will be known by small portions of the day 
oosing through the hole or holes in the front plate, k. It will be seen by thr 
drawing, that the retort about to be made by this machine is nearly of the transversa 
sectional figure of the letter D ; but to this figure the inventor does not confine 
himsdf , as any other form of retort may be made, by means of the same machinery,, 
by altering the shape of the nosepiece, t, i, and the end part of the core, c, both of 
which are made moveable for that purpose. 

The end of the intended clay retort being thus formed in the nose part of the 
machine, the plate k must be removed from the nose, when, on forcing the piston f 
forward, the plastic day wiU be projected out at the end of the nose in the shape 
and as a continuation of the retort (the end of which had been formed as described) 
to any length required, in the manner shown by the sectional fig. 8, where it may 
be received and supported by an endless travelling cloth, or a board and rollers^ 
and the length of moulded day may then be cut off by a wire in the ordinary way, 
and sent to the drying place. 

Another form or modification of this machine is shown in longitudinal section 
at fig. 4, in which, instead of the nosepiece above described, a D-f ormed hoop, /, {, 
or of any other required figure, is introduced as a die, which, in commencing the 
operation of making the end of the clay retort, must be kept in its place, and the 
front of the cylindrical box closed by a plate, k, as before. The core, it, formed to 
the desired internal figure of the retort, is in this instance made fast to the piston, 
g, and advances with it. When the end of the retort has been made as before 
described, the plate, kj must be removed, and on now projecting the clay forward it 
will assume the moulded form shown in the front view, fig. 5, and in the section, 
fig. 6. in which the plate, kj is removed. Under some circumstances the patentee 
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proposes to use (instead of the machinery above described) peculiarly oonstmcted 
hand monlds, shown at figs. 7 and 8, for the formation of clay retorts. 

These moulds may be made either of wood, metal, or plaster, in two or more 
parts, according to the size and figure required. Fig. 7 shows a top view of one of 
the moulds of a D form, which is the shape most commonly used. The mould is 
curved at «, a, the part which is to constitute the roof or top ,* the bottom, 5, is a 
flat plate, capable of being detached, which is best suited to this form, and to 
ordinary-sized retorts. The two, or it may be more, parts of the mould, when 
combined, are to be made fast by external bracings of iron hoop, o, o, with a bar, i2, 
keyed or screwed thereto ; or, if the mould is made of plaster, rope bracings will 
suffice. 

In conmiendng the operation of moulding a day retort by means of this appa- 
ratus, the interior of a single mould is uniformly worked over, by hand, with a 
substantial coating of the clay ; the clay is then beaten down to any required 
uniform thickness, which may be from about 2 to 4 inches. When the first mould 
has been thus coated, and so much of the clay retort shaped and finished, a similar 
mould is to be placed upon the top of the former, their edges perfectly coinciding, 
and they are then to be bolted together. This being done, the interior of the 
second mould is coated with clay, in like manner to the first, taking care that the 
plastic day of the second operation shall be perfectly united with the edges of that 
produced in the former mould. In this manner the retort may be continued to any 
length, by erecting one mould upon another, and carefully joining them as shown 
at fig. 8. In some cases it will be found desirable to line the internal parts of the 
moulds with fiannd or doth, to prevent adhesion. 

. It may be necessary for the moulds to remain upon the moulded retort for some 
hours, in order that the day may become perfectly stifiE before they are removed ; 
but of this no precise instructions can be given, as it will vary, and must depend 
upon the consistency or stiffness of the materials used. 

The patentee claims, firstly, — ^the introduction, or mixing of carbonaceooa 
matters with the clay, previously to its being moulded into retorts for generating 
illuminating gas ; secondly, — ^the novd kinds of moulds and machinery for forming 
retorts of clay and other earthy materials, intended for the generating of gas, as 
above ascribed. 



MACHINE FOR MAKING SANITARY PIPES. 

The drawing on the following page represents a machine used for making 
sanitary pipes, by Messrs. Wm. Harriman and Ck>., of Blaydon-on-T^e. 

The machine is known as ** Spencer's patent,'* and the advantage attending its 
use may be briefly summarized as follows : — 

1st. — The quiekneu fuith which jnpei are made, as also their smoothness and 

perfection. 
2nd. — The making of the iooket in oombination therewith in a moment. 
3rd. — The consequent time and room eaved in any manufactory by not having to 
wait or remove for so^etting. 
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4ih. — The method of making bend pipes from the machine, aToidingthe expense 
and lomber of plaster moulds — especially where many radii are required 
for each diameter of pipe, and also getting nearly as many out of hand as 
straight pipes — very important in case of urgency, which often occurs. 

6th. — ^The great economy of making junction pipet^ whether for square, oblique^ 
or curved. 




STATISTICS OF THE VALUE OF THE VITREOUS AND 
CERAMIC MANUFACTURES. 



VALUE OF THE GLASS MANUFACTURES. 

Plate glass £80,000 

Crown, sheet, and and coloured glass 95,000 

Flint glass 200,000 

Bottle glass of all kinds 263,000 



Total value 



.. £638,000 
£ E 
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VALUE OF THE EARTHENWARE. 

OntheTyne £100,000 

,. Wear 40,000 

„ Teos 60,000 

Total yalae £190,000 



VALUE OP PIRE-CLAT GOODS. 

80,000,000 flre-bricks, worth £160,000 

12,000 fire-retorts, worth 24,000 

50,000 tons groand fire-clay, worth ... 20,000 

204,000 

175 miles of glased pipes 84,650 

Total value £288,650 



ov 



THE TEXTILE MANUFACTURES 

OF THE DISTRICT. 



PAPER MANUFACTURlfi ... WM. HBNEY RICHARDSON. 

CARPET do WILLIAM HENDERSON. 

HAT do WILLIAM WILSON. 

ROPE do. G. LUOKLBY. 



N^»'-The JSditort regret that tkey were not tueoe^fidin finding An/jf gentleman 
oonneeted with the Woollen Trade, who had leitwre to prepare a Report on that 
Man^aeture, 



THE MANUFACTURE OF PAPER. 



WILLIAM HENRY RICHARDSON. 



In consequence of the general disinclination on the part of paper 
manufacturers to furnish any information or statistics of their operations^ 
this account will necessarily be imperfect. 

The estimates given have, howeyer^ been carefully considered, and 
are as accurate as possible under the circumstances. 

Nrnnber of firms in the trade 12 

,, machines making white paper 10 

„ „ brown paper 9 

Tom. 

Quantity of white paper made per year -3,500 

„ brown „ 4,600 

Total 8,000 

being about one-twelfth of the entire production of the United Kingdom. 
Total estimated annual yalue £dOO,000 

Tom. 

Coarse materials, as old rope, &c., used for brown 

paper 5,200 

Rags 4,000 

Esparto grass 2,000 

Bleaching powder 400 

Soda ash 200 

CkMds 86,000 

Imports of Espabto Oiusb to thb Post of Newgastlb-upon-Ttnb. 

Toni. 

1860 1,224 

1861 2,613 

1862 9,684 

In 1888, the date of the former meeting of the British ABSociation 
in Newcastle 

The number of firms in the trade was 13 

„ machines making white paper ... 6 

„ „ brown paper ... 10 

Estimated quantity of paper made, 4000 tons per annum. 
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Several small country mills have since that time become extinct; 
and^ as may be seen from the figures^ though the number of firms 
engaged in the» trade has diminished, the quantity of paper made has 
at least doubled since that time. 

The early history of the trade in the district appears to be involved 
in great obscurity ; and, notwithstanding carefiil enquiries, only a few 
particulars have been recovered ; part of them are so uncertain that it has 
been thought best to omit them. 

At Haughton Mill, near Hexham, it is said that large quantities of 
paper were made about the close of the last century, for the purpose of 
forging French assignats at the instance of our (Government, by whom 
they were circulated on the continent, with a view of embarrassiiig the 
financial operations of the Revolutionary Government. 

In 1825-6, when the competition between machine and hand laakers 
of paper became very severe, many of the latter resorted to the expedient 
of evading the payment of the duty, to enable them to sell their paper 
without ruinous loss; others were unable to meet their engagements 
from this cause, and, on failing to pay the excise duty, were, together 
with their fraudulent traders, imprisoned for non-payment of Excise duty 
and penalties. To such an extent did this take place, that it has been 
asserted that, at one time, two only of the manufacturers in the district 
were at liberty. 

The Excise duty, which was first imposed in the reign of Queen Anne, 
and was finally repealed in 1860, was formerly very vexatious, and inter- 
fered with the manufacturers to a monstrous extent. Prior to 1839, the 
duty was 8d. per lb. on white paper, and IJd. on brown; and brown 
paper was by law required to be made of tarred rope only, without 
extracting the tar therefrom. This, as may be imagined, led to endless 
disputes between the manufacturers and the Commissioners ot Excise. 
In 1839, this classification was abolished, and the duty was reduced to 
l^d. per lb. on all paper, irrespective of quality, and, at the same time, 
the above restriction, being no longer necessary, was also abolished. 
The Acts of Parliament under which the duty was levied, which were 
very numerous and complicated, were, at the same time, consolidated, 
and all the regulations so modified that the manu&cturer was not inter- 
fered with, more than was absolutely necessary for the safe collection of 
the duty. 

The abolition of the classification in paper, and the removal of the 
consequent restriction as to the material to be used in the manu&cture, 
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had an important and special effect on the manufactures of this district, 
more especially on the brown paper trade. The introduction of jute into 
textile manufactures a few years previous, had be^n to be perceived in 
the old materials ; the large importations of sugar and cotton from the 
East Indies had also placed large quantities of jute waste and old 
bagging of this material at the disposal of the paper-maker. The art of 
bleaching jute was then unknown, so that it could not be used for white 
paper, and the absurd Excise restriction became especially irksome. As 
this sort of material was well adapted for making coarse papers ; was 
cheap and abundant ; while the substitution of chain for hempen cables 
for ships some years before, and the introduction of iron ropes into 
collieries, both for pit ropes and for working railways by stationary 
engines, in place of hempen ropes, diminished the supply of old ropes, 
the equalization of the duties was highly beneficial to the trade, allowing 
the manufacturer to use whatever material he found best adapted to his 
purpose; and, whilst the best quality of brown paper is still made entirely 
of old ropes, the inferior sorts are manufactured from a great variety 
of materials, old railway waggon covers, straw, peat, hop vines, tar- 
paulins, oil-cloth cuttings, old door mats, and refuse of every conceivable 
description — if only it has fibre, and is cheap, and is also capable of 
being beaten into pulp, all are made available. The only common fibre 
that has hitherto proved intractable is«the coir, or cocoa-nut fibre. 

The principal improvements that have been made in the manufacture 
of paper in late years, are in the details and general efficiency of the 
machinery, whereby a much hrger quantity of paper is made with the 
same apparatus than formerly — and in the superior management of the 
chemical processes, whereby a material, that formerly was entirely use- 
less, is now worked up into common shop papers ; and inferior rags are 
cleansed and bleached into a good white paper, which formerly were 
made into coarse paper. 

The only notable exception to this, is the introduction of Esparto 
grass; the importation of which has been steadily increasing, and, as 
will be seen from the statistics already given, amounted to nearly 10,000 
tons in the year 1862, into the port of {Newcastle alone, the greater part 
of which was, however, forwarded by railway into Scotland, Lancashire, 
and elsewhere. 

Newcastle affords special and peculiar facilities for the importation 
of this material from the east coast of Spain, where it is principally 
gathered. Vessels load at Newcastle with coke or coal for Spain, and 
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bring, in return, cargoes of manganese, pyrites, copper ore, lead and 
lead ore, iron ore, and other materials for the use of the chemical and 
other manufactures oji the Tyne; and fi'om the lightness of the Esparto 
grass, one ton of which occupies the space of 3 to 4 J tons measurement, 
they are enabled to carry a full cargo of it, in addition to the minerals 
which come as ballast, thus materially economising the cost of freight — 
so much so, that paper manufacturers near Edinburgh and in Lancashire 
find it cheaper to import via Newcastle than by way of Leith or Liverpool. 

Esparto, or alfa, as it is called on the African coast, is a coarse grass 
which grows in sandy places, in almost all the countries bordering on 
the Mediterranean. This grass consists mainly of lygeum tpartum, 
stipa, tenacisiima, and other species of the last-named genus all very 
similar in character and general appearance. 

It has been used from time immemorial for makiag mats, ropes, i£;c.y 
and is mentioned in Pliny's Natural History as applied to these purposes. 

The following is from Dr. Holland's translation : — 

" Spart verily was not known before the first voyage and expedition 
that the Carthaginians made in a warlike manner into Spaine. An h'erbe 
this is also, growing of itselfe, without setting or sowing (which indeed 
it cannot abide). Full well and properly it might be called, the nish of a 
dry and leane ground, and a very defect or imperfection appropriate to that 
coimtrey alone of Spaine : for, to say a truth, it is the fault and badnesse 
of the soile in the highest degree, that breedeth it, and where it commeth 
up nothing else can be sowed and set or will grow at all. That in 
Aflfiricke or Barbary is very small and good for nothing. In the terri- 
tory of New Carthage or Cartajena (which is in the higher part of Spaine) 
it groweth much : howbeit all that tract is not given to breed it, but 
look where it commeth up, you shall see whole mountaines all overspread 
and covered with it. Hereof the rusticall peasants make their mattrases 
and beds ; this is their fewel wherewith they keep fires, of it they make 
their torches and links to give them light, with it they are conmionly 
shod, and the poore sheepheards clothe themselves therewith. 

^^ Howbeit, hurtful is this plant to cattell, unlesse it be the tender tops 
and crops of the branches, which they may brouse and eat without harme. 
For other uses, when the Spaniards would plucke it up, they have much 
adoe withall and a great toile about it, for their legs must be wel booted 
as it were with grives, their hands covered with thick hedging* gloves, 
as gantlets ; and being thus armed at all points, yet they lie tugging at 
it, pulling, writhing, and wresting the same with hooks and crooks either 
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of bone or wood, until they have their will of it Gome they about this 
work in winter time it is in manner impossible to get it up, but from tho 
Ides (i^,j the mids) of May unto mid June, it is very tractable; for this 
is the tiiae and season when it is ripe, and then commonly they gather 
it £af their ordinary uses before named. Being once pulled and sorted, 
the good from the bad, it is made up into bundles and iaggots with the 
life still in it, and so piled on a heap for the first two daies, the third day 
they unbind it, lay it loiose and scattering in the sun for to be dried, 
which done, they mal^ it up againe into faggots, and so hfing it in, and 
lay it up within house. 

** AAer all this, they steep it in sea water (for that is best) or else in 
fresh, fi>r want of the other; after this watering it must be dried in the 
sun, and then steeped in water a second time, but if a man had urgent 
occasion to use it presently out of hand, he must put it in a great tab or 
bathing vessel and lat it soke there in hot water a time. Now if when 
it is dried againe, it be stiffe and will stand alone, they take it for a sure 
signe that it is sufficiently watered, and hath that which it should have. 
This is a very neere and ready way, and saveth them much labour. Thus 
being prepared one of these two waies, it ought to be brayed and betteii 
before it will serve the twine, and then no cordage in the world is better 
than that which is made of it, nor lasteth so long in the water, and the 
sea especially, for it will never be done. For drie worke, I eonfesse, and out 
of the water, the gables and ropes wrought of hemp are better, but spart 
made into cordage will live and receive nourishment within the water, 
drinking now the fiiU as it were to make amends for the thirst which it 
had, in the native place where it first grew. Of this nature is spart 
besides, that if the ropes made thereof be worne and (with much occupying) 
out of repaire, a little thing will mend and refresh them, yea, and make 
them as good as ever they were, for how old soever it be^ yet will it be 
wrought very well again with some new among. A wonderfiill thing it 
is to consider and look into the nature of this herb, and namely how 
much it is used in all countries, what in cables and other ship-tackling, 
what in ropes for masons and carpenters and in a thousand necessities of 
this our life. And yet see the place which furniaheth all this store, lying 
along the coast of New Carthage, we shall find to be within the compasse 
of 80 miles in bredth, and lesse somewhat in length, and verily if it 
were fetched farther off within the main, the cariage would not quit for 
the cost and expenses." 

This account) written above 1,500 years ago, was correct a^d i^early 

pp 
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complote until the year 1860, when Esparto began to be largely imported 
i^to the Tyne for paper-making. 

Yarioos attempts have been made to manofacture Esparto into paper 
during the last 80 years, one patent for the purpose being dated as br 
back as 1839 ; and in France similar efforts bare been made for many 
years. 

None of these, howeyer, have been practically successful on a large 
scale, with the exception of the process arranged by Mr. Thos. Routledge, 
of Eynsham Mills, in Oxfordshire, who has been making printing paper 
firom Esparto for the last nine years, and has taken out three patents for 
the processes employed. He has lately taken a mill at Ford, near Sun- 
derland, for making printing paper from Esparto only. Other manu&c- 
turers, have, howeyer, used it mainly as a blend with rag material. 

No material alteration in the machinery or apparatus is required for 
working Esparto, and yery much less power is required. The sucoessfiil 
working of this fibre depends mainly on the careful and proper adjust- 
ment of the quanti^ and strength of the chemicals employed.- 

The following analysis of Esparto is taken from the ^' Journal des 
Fabricants de Papier," and annexed thereto is a statement of the compo- 
sition of flax straw, and of wheat straw :•» 

Bipttto. Flax StvMr. Wboat Btnw. 

Fibre unbleached 

QxaOf redn, and oolonring matter 
Kon-fibroos woody matter, as the 

joints of straw and shive of 

flax 

iNOBOAino Mattbb. 
Soluble and insoluble salts 

Oxide of iron 

Silida 
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... 12-6 ) 




25-1] 


( 




... 


... 86-044 1 


... 96-96 


0-0 ) 


) 




0-696 ... 


... 1-166 


1-88 


0-879 ... 


•1 


-04 


0*826 ... 


•2 


2«2 


100 


100 


100 



Produce in paper, per cent. ... 60 to 62 10 to 11 86 to 40 

The quantity of soda ash required for neutralizing the gummo- 
resinous matters in the fibre, so as to admit of its being made into a 
pulp, is very large, though not so great as is required for straw, and the 
fibre, unlike rags, never having before been subjected to bleaching or 
other chemical treatment, also requires very much more bleach powder 
to bring it to a colour suitable for printing paper. The quantities 
required are from 5 to 6 times as much for cleansing and bleaching the 
coarsest rags. 
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The importatioiis of Esparto into the United Kingdom for the past 
twelve months being about 18,000 tons ; the use of this article may be 
estimated to have caused an increased consumption of soda ash and 
bleach powder of at least 4000 tons per annum, and these chemicals 
being dear on the Continent of Europe, is one obstacle to the use of 
Esparto there. Nearly all newspapers, not excepting that on which the 
Timei is printed, contain a portion of Esparto, and some of the penny 
daily papers published in Edinburgh, contain only one-fourth rag material. 

The large supply of paper-making material from this source has been 
most opportune ; rags are becoming gradually scarcer ; coloured rags, 
suitable for making common printing paper, were worth 4s. to 6s. per 
cwt in 1848, and are now worth 9s. to 12s. per cwt, and this notwith- 
standing the relief produced by the importation of Esparto. 

This scarcity— the existence of which the Jurors' Report of the Exhi- 
bition of 1862 most unaccountably denies — has been aggravated by the 
almost total cessation of the supply of waste apd tares from the cotton 
mills; and even with the assistance of Esparto grass, and cheaper chemi* 
cals and tael, the paper-makers in this country have been placed in a most 
disadvantageous position in respect of the supply of material, in com- 
parison with their continental rivals, by recent legislation, which, in the 
opinion of many, will have a tendency to cripple the progress of the trad^ 
in this country. The discussion of this subject is, however, not suited 
for the present occasion. 

The greater part of the paper manufactured in this district is of the 
coarser description, and Newcastle browns, and Tyne casings, which, 
from a geographical error, are known in Manchester as Scotch paper, 
have a reputation throughout the kingdom for toughness and general 
excellence. 

The printing and writing papers of Messrs. Annandale and Son have 
a deservedly high reputation in the I^ondon Market. The other descrip- 
tion of white paper made in the district, is mainly for the daily news- 
papers, whose consumption of common printing paper has of late years 
become so enormous as materially to alleviate the depression consequent 
on the general dullness of trade arising from the cotton famine, and it 
is hoped that notwithstanding the unfairness with which the trade has 
been treated by the Legislature, that with the resumption of business in 
Lancashire, it may recover its former prosperity. 
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MANUFACTURE OF CARPETING. 



WILLIAM HBHDKB80N. 



Ths woreft fabrics made in the district of tbe Tjv»j Weut, and Tees^ are 
few. Some years ago canvas and saiteIo<3i were troren on the banks of 
these rirerSy but now the chief mannfaetare is carpeting. The principal 
seat of this mannlaotiiro is in Ae eity of Durham, and it formerly flourished 
eztensiTely at Barnard Castle, Dariington, and Bishop Auckhnd. 

Before proceeding to notice carpeting as an article of commercial in- 
dustry, it will be interesting to pass in Mview the origin, progress, and 
existing attainment of the trade. One of the most ancient looms yet in 
existence is that of the Hindoo, and to this day the carpets of the East 
woTcn in these primitive looms are held in high and deserved estimation. 
To Skiglishmen accustomed *to have the manufacture of woven fabrics 
assigned to numerous classes of artizans, each performing bat a fragment 
bf the whole, it seems singular to learn that the Persian peasant and his 
wife still control the arrangement of the quality, design, colors, sise, and 
finish of the carpets manufactured in their poor cottages, and it is not 
Without some sense of humiliation that our manufacturers yet turn to the 
carpets of these poor peasants for many hints of design and coloring to 
be introduced into the latest and most r^cherch^ of their season patterns. 

To the Mahommedan the carpet is a necessity^ he spreads it on the 
ground before petitioning his Prophet, and even the poorest endeavour to 
cover their best rooms whenever strangers are to be welcomed, or fnends 
attracted to the social gathering. The early history of carpets in the 
East is so uncertain as to be lost in obscurity. They were first intro- 
duced into Europe by the Moors when they held possession of Spain, and 
also by the Venetian Republic, who, by retaining for centuries the 
inonopoly of the Turkish trade, found its own interest in dealing in this 
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laxttrji which was soon adopted by christian commtinities, and used to 
adorn the palades of the western nolilitj. 

The exigencies of climate and the demands of luxnry and taste in our 
country appear to hare called carpets and hearth rugs into uise as early 
as the fourteenth and fifteenth centuries. 

From the covering of walls with exquisite tapestry of needlework the 
transition was very natural to the production of skilfully- wrought effects 
ia covering for floors. As the power and wealth of the middle classes 
became sensibly developed under the successive sway and prosperous 
encouragement afforded by the Tudor sovereignsy the demand for speci- 
mens of foreign and continental workmanship increased. We accordingly 
find that in the reign of our first Stuart monarch the method of weaving- 
Tapestry for walls and floors was introduced into this country as practised 
in Flanders, then the chief seat of skilled textile labour throughout 
Europe. 

Carpet-making from this date ceased to form a considerable feature in 
the occupation of our great domestic or conventual establishments under 
the head of needieworkf and we may henceforth consider it as a branch of 
industry the importance of which will more fully appear when we trace 
its settlement at special localities, and identify it under the different kinds 
by which it is generally known to the public. 

Proceeding in regular order from the rise of carpet-weaving under 
James the First, it would appear that the end of the seventeenth or begin- 
ning of the eighteenth century witnessed also the introduction of Kidder- 
minster carpet at the town of that name, in the midland district of 
England. Kidderminster had, for upwards of four centuries, been 
distinguished for its woollen fabrics : the peculiar properties and soft- 
ness of the river water there were supposed to be specially favourable 
for dyeing and manufacturing purposes. This and other circumstances 
led to the establishment in that place of an industry which it still retains^ 
and of late years has developed to the extent of becoming its sole trade. 
It is, however, worthy of note that the kind called Kidderminster carpet 
is no longer made there, but has been transferred to Scotland, York- 
shire, Durham, and Kendal. The largest manufactory for Venetian car>- 
peting is in Durham. • 

Brussels carpet has entirely lefl the capital of Belgium, and forms 
the staple trade of Kidderminster; Jxminster carpet has ceased to be 
made at Axminster, and has been transferred to Wilton, near Salisbury; 
while the trade in Wilton carpets has been attracted to Kidderminster 
and the North of England. 
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Turning next to Brussels carpet as the leading &bric in the home 
trade, we find that in 1745 the Earl of Pembroke induced Flemish work- 
men to settle in the town of Wilton, and there successfully established 
the looped-pile carpet, thenceforth called BrtuseU, which was soon fol- 
lowed by the cut-pile fabric, produced by similar machinery named WiU^ni. 
Both articles were in that same year (1745) taken over to the town of 
Kidderminster, and so enterprisingly has the trade been followed ever 
since, that in the last-named town alone about 2,000 hand-looms were re- 
quired in 1850 to keep pace with the demand for these goods ; and at 
Hali&x and Durham machinery and capital were liberally embarked in 
the same branch of trade. 

The uninformed on these subjects must observe that the pattern in 
JKiddermifuter, Three-ply , Brussels, and Wilton Carpets (those goods in 
fact which have a design or figure wrought up superficially with indyed 
worsteds, as distinguished from the printed carpet, we shall hereafter 
refer to), are all indebted for this to the Jacquard principle ; and, generally 
tspeaking, these kind of goods exercise an undoubted preference in public 
estimation over other descriptions for their genuine excellence and dura- 
bility. 

The beautiful and simple process of raising the pattern, called after the 
celebrated inventor, M. Jacquard, of Lyons, who first applied it to silk- 
£gured goods, was introduced to carpet-making about 1830, and by its 
less complicated system of working and economy of time and material 
rapidly superseded the cumbrous method previously used for the purpose. 
The decennial period extending from 1840 to 1850 was characterized not 
only by the greatest number of original inventions in carpet fabrics, but 
also by the skill and ingenuity with which motive steam power was em- 
ployed to perfect the make, and cheapen the cost, of all looped and cut-pile 
goods. Thus, in time, steam power entirely superseded the a])pliances of 
hand labour — both in the older Jacquard looms and in the printed goods 
of a more recent introduction. 

Printed tapestry carpets, patented by Mr. Whytock in 1882, and 
woven in hand looms, first gave the public the advantage of a 'cheap and 
efiective floor covering, with unlimited colours and a surface of pile more 
like the well-known Brussels than any other fabric which had then 
appeared. 

The warp by being formed of a number of threads (each in the first 
instance separately printed upon with an injected dye) admitted of facili- 
ties in design and colors unknown even to Jacquard goods, though inferior 
to them in distinctness when completed in carpet. 
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The invention realized the expectations formed, and when it passed 
from the inventor's hands into those of Messrs. Crossley, of Halifax, the 
imperfections were so iar mastered that the carpet soon assumed an im- 
portant position in the trade, and by the year 1850 some 700 or 800 
looms were engaged upon it. Imitations more or less ingenious in the 
way of iurfaee-printed earpeU soon followed at Rochdale and elsewhere, 
but after a brief run most of them sunk into oblivion ; the most important 
result in this race for cheapness being the application of steam power to 
this class of carpets. 

The invention and application of steam power has done so much 
towards placing the luxury of carpets within the reach of all classes, and 
also in improving the wages, and consequently altering the habits, of the 
workmen, that it will require a further notice as to its origin, growth, 
and the extent of its application to the carpet fabrics of the United 
Kingdom. 

Power-loom weaving was first applied about the year 1847 to the 
manufacture of tapestry or printed carpets (though only experimentally 
at that time) by Messrs. John Crossley and Sons, of Halifax. The first 
patent for weaving Brussels carpets by power was taken out by Mr» 
Wood, of Pontefract, in 1843, and to him the merit is undoubtedly due of 
the earliest movement in this country in endeavouring to supply mechani- 
cal movements in the weaving of their goods for the hitherto severe 
drudgery of the hand craftsman. The practical utility of his invention 
seems to have lain dormant for some years, for although Messrs. Crossley 
of Halifax, who were occupied in working the tapestry power-loom, 
became the purchasers of Wood's patent, yet it was not until the appear- 
ance of Mr. Bigelow's specimens of Brussels carpet woven by power- 
looms i;i 1851 that full attention was really bestowed on the subject. 
Mr. Bigelow, of the United States, submitted at the 1851 Exhibition re- 
sults in power-made goods which, coupled with his statements of large 
saving, in cost, attracted great attention, and induced Messrs. Crossley to 
become the purchasers of the whole of his patents for this country ; and 
this firm has since licensed the leading Brussels Carpet manufacturers 
with this loom, being the same as is currently worked in the trade. 
Several valuable improvements were afterwards added, affecting chiefly 
the regularity of the surface and more rapid execution of the work, and 
the result of the whole in carpet-weaving may be briefly described as 
follows : — Under the old hand-loom system a good workman well supplied 
with materials could average 4tj^ yards a day, or 27 yards weekly, of the 
then ordinary hours of labour, and he required the constant assistance of 
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a buy or helper to raise the warp-threads and place the rotating cards in 
order in the Jacquard cylinder. Now, in 1863, the same workman, with 
fewer hours of employment, superintends a machine which will turn off, 
under fair condition of material and good management, an average of 27 
yards daily, a quantity six times as much as by the old process, a«d that 
with far less personal fatigue, and at a much more remuneratiye price for 
his labour. It is not too much to say that great as are the advantages 
reaped by the public in constantly replenishing their carpet requirements 
by the direct saving of sixpence per yard, which the manu&cturer has 
been enabled to make in the first cost between carpet woven by hand and 
power, and of which the public has the benefit, yet the condition of the 
carpet operative has no less sensibly improved by the change of system. 
The old evils attendant upon decentralized labour, with its irregular hours 
and uncertain employment, so long as the hand-loom formed the adjunct 
of the cottage or the weaving shop, have not been without their signifi* 
cant ethct in Coventry and Spitalfields, and precisely the same result in a 
scarcely less mitigated form was to be found in the seats of carpet indus« 
try in Durham and elsewhere. As soon, however, as steam-power looms 
appeared, suitable erections were needed, and concentration became the 
order of the day. 

The Factory Act, which interposes a wise and salutery cheek on the 
employment of young persons, was needed in this trade. When intro- 
duced it placed carpet-weaving o<i the same footing as other industrial 
occupations in this country which are governed by motive power, and 
so &r reconstituted the entire relations between labour and capitaL 
'' Again the tendency has b^en materially to improve wages." 

According to a ParUamentery return of hand-loom wages, some 25 
years ago, the average earnings of all carpet-weavers scarcely reached 
16s. a week> whereas the generality of workmen will^ by superintending a 
carpet power-loom for 60 hours per week, make 25s. per week, and that 
without the physical exertion and constant strain of bodily powers which 
was necessary under the old system. It is, however, to be regretted that 
the remuneration of hand-loom weavers is still insufficient for their proper 
maintenance and standing in society. A recent investigation at several 
hctoxieR showed that the wages of weavers of super Kidderminster 
carpeting only averaged 15s. per week. On representedon, the English 
masters in December, 1863, advanced the rate by 10 per cent 

Besides Brussels and Wilton carpeting, two other kinds are exten- 
sively manufactured in Durham. 

The Venetian carpeting is produced in a simply-constructed loom. 
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the pattern frequently being only two stripes of coloured warp, and so 
depending entirely on taste in the arrangement of the shades : sometimes 
it is made in small diaper or tesselated pattern ; in these cases the warp 
is arranged by the weaver in the gear. 

Durham has had the chief part of this manufacture for the past 26 
years. The Kidderminster carpeting has a worsted warp with woollen 
weft, and the pattern is made by the combination of the colours of each ; 
the outline of the pattern is arranged by the Jacquard machine, and the cloth 
is two-ply united by this outline. It has an adrantage over the Brussds 
and tapestry kinds in having the pattern on both front and back^-thus 
allowing the carpet to be turned when necessary. 

The records of the city of Durham fiimish some particulars of the 
early existence of cloth-making carried on there. It is stated that a Mr. 
Henry Smith granted to the aldermen and burgesses by will, dated 20th 
July, 1598, all his coal mines, then of the clear yearly value of £100, 
besides a personal estate in money, debts, and goods, beyond debts and 
legacies "porth £600, unto the City of Durham, in these words :*-^' And 
'' as touching my colemynes, and that the increase thereof may be employed 
'^ for the benefit of many, I freely give them all to this City of Durham, and 
'^ the cause why I doe soe, and further, as followeth is, that some good trade 
'' may be devised for setting of the youth and other idle persons to work, as 
'^ shall be thought most convenient whereby some profit may arise to the 
^* benefit of the said City, and reliefe of those that are past work." 

The undertaking seems, from its infancy, to have been a prey to legal 
difSculties and dishonesty. In 1612 the governors purchased for the sum 
of £150 a large building called the ^' New Place," which had formerly 
been the Palace of the Nevill family, and here they established Henry 
Doughty and William Bastoe as cloth-workers — £200 being loaned them 
with which to provide materials* In 1614, £250 more was embarked in 
the concern, which, however, only went forward for two years, and then 
collapsed. '^ The governour then employed Thomas Browne and George 
Beecrofte, two new cloth-workers, and bought them in wool, and gave 
them it to work," but the work went on to no good purpose, and in 1619 
was discontinued. The income arising from the trust was from that time 
paid to the poor of the city, and to the placing of apprentices at trade. 
This practice is still followed. The governors had, however, invested a 
portion of the capital in premises situated near the river, and adjoining 
the ^'New Place," and these being convenient for manufacturing purposes 
attracted the attention of Mr. John Starforth, who, in 1780, commenced 
the manufacture of tanning cloth; a coarse worsted fabric of narrow width^ 

QQ 
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dyed in self-colours, and used for women's dresses and petticoats. He 
also manufactured a few Kidderminster and Venetian oarpetings. Con- 
sidering the time when this concern flourished it was of great extent, and 
exercised a most important influence in the city and neighbourhood; 
upwards of 100 woolcombers and 700 weavers were employed, the former 
worked upon the premises of their masters, but the latter, with few excep- 
tions, had their looms at their homes. The wool, which was chiefly the 
** long wooF' of the district, was, when combined, sent to the villages for 
at least ten miles round the city, and there spun into worsted by the 
peasantry on what were termed '^ slab wheels :" each wheel was worked 
by one person, who had to perform the very difficult duty of spinning an 
even-surfaced thread to a particular number or weight : the yam spun on 
being brought to the factory was dyed and wove into Tammy and Cala- 
manco cloths. In the early part of the present century a large trade was 
also conducted in Durham, and doubtless in the other towns of the county, 
in weaving muslins, ginghams, and shirting cloth, the warps and wefts 
for which were sent ready dyed from Mandiester and Cariisle. The manage- 
ment was carried out by agents sent from these places. The practice of 
having looms in their dwellings led to that peculiar feature which may yet 
be noticed in many of the older streets : a square outshbt window was 
prelected from the lower story or sitting-room almost sufficient to hold the 
loom, and thus the inconvenience of its presence was mitigated* 

Mr. Starforth became bankrupt in 1806, when the distressed state of 
the unemployed weavers, and the empty premises, tempted no fewer than 
five firms to engage in the manufacture of carpetings. Mr. M. Oliver 
had 18 looms, Mr. Wm. Cooper 18, Mr. James Bell 4, Mr. J. Waddington 
3, and Mr. Wood 12. A deficiency of capital soon brought all these 
firms to ruin, and in 1814 they had ceased to exist. 

Mr. Gilbert Henderson, who originated the firm in Durham, now 
known as Henderson and Co., first commenced his manufacture of carpet- 
ing at the small village of Church Merrington, with 14 looms. The vaca- 
tion of the premises held by Mr. Oliver and Mr. Cooper tempted him to 
Durham, and in May, 1814, he transferred his business to that city. The 
first incident worth noting was a severe strike of the workmen, which 
occurred in 1819, and continued for six months. This was put down by 
the firmness of Mr. Henderson, and the business continued to prosper till 
his death in 1824, when it parsed into the management of his eldest son, 
Mr. John Henderson. In 1820 two Brussels looms were obtained from 
Kidderminster — these were the first that had been permitted to leave that 
town, and the person who brought them durst not for many years return 
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to the place, so violent was the feeling against any one contributing to 
destroy the monopoly of Eiddenninster in the manu&ctore of Brussels. 
In 1828, and again in 1832, considerable additions were made by Messrs. 
Henderson and Company to their power of manufacturing this class of 
goods, but the greatest impetus to their trade, both in these and Kidder* 
minster carpetings, was given by their adopting for their ezclusire pur-^ 
poses the assistance of an excellent artist. The high standing the firm 
thus early obtained for excellence of design has never been lost; and in 
the competition at the International Exhibition of 1862 they were one of 
the only four firms who obtained medals for '^ excellence of design, oolourj^ 
and manufacture of Brussels." 

In 1837 they effected economy by erecting chipping and rasping 
machinery &r dyewoods — for which, previously, they had to depend on 
drysalters. In 1861 their large hand-loom weaving sbed was erected, 
in which are 121 looms, with some preliminary processes ; and, seizing 
on the first opportunity for introducing weaving by power, they, in 1854, 
erected their steam power-loom weaving shed, which has since been 
extended to accommodate 49 looms. These two sheds are the loftiest 
and best built in the carpet trade. 

The old spinning mills of the fkotory were burnt to the ground in 
1859, and have been re-built on a larger and improved plan | th^ (Re- 
houses, &o,, were also re-built and extended a few years 8inoe> ta tkaA 
the factory may be said to be nearly all recently erected. 

In 1859, and in 1860, Messrs. Henderson took out patents for a new 
power4(yun fpr weaving Brussels, by which a considerable increase is 
pbtained in the production of best 5-frame Brussels, whilst the weaver 
f ams a higher remuneration at a less charge per yard for his labour,—^ 
the increased production is, on an average, 17} per cent, and the eeonoiay 
in wages 6} per cept. 

Vo certain record exists of the commencement of carpet manufacture 
in Darlington ; the concern which for long associated its name with the 
trade, was commenoed by Mr. Kipling in 1813, and continued to expand 
under the management of himself and sons until 1845, when it bad about 
60 looms in work. Its chief manufacture was Venetians, and these 
were celebrated for the neat appearance of the cloth and the good taste 
exhibited in colouring. The business was abandoned in 1865. Two or 
three smaller firms have also, within the last few years, followed the 
business in Darlington, but without success ; their works are now (1864) 
all closed. Messrs. Oreen became insolvent in 1863. 

Barnard Castle for several years exercised a very important influence 
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upon the carpet trade of London and the kingdom generally. About 
the year 1816^ Mr. Thomas Crampton^ who had previously manufactured 
plaid and stuff goods, started the first carpet loom ; it was a happy period 
for the experiment, and his prosperity was so evident that several of his 
fellow-townsmen also embarked in the trade. 

Notwithstanding the inexperience of these firms some of them were 
successful; and in 1836 there were no less than seven firms, having 
upwards of 400 looms. The following is believed to be a tolerably 
correct estimate of the number of looms possessed by each firm in that 
year: — 

Meflsrs. Monkhoiue ISO 

Mr. Pratt 80 

Messrs. Atkin and Co 60 

Messrs. Dnnn and Ramshaw 54 

Mr. Baine 86 

Mr. John Winskill 88 

Mr.J. WinskiU 80 

Total 428 

From that time the trade declined, and it is now represented by one 
firm of about 20 looms. It is obvious that so rapid a declension of this 
large trade must have arisen from powerful causes ; and these may be 
readily found — ^Ist. In the heavy expense of carriage : Barnard Oastle 
not having the advantage of cheap transit by either sea or rail. 2nd. In 
the manufacturers being content to follow in the footsteps of other firms, 
seldom originating new patterns; and Srd, in allowing themselves to 
enter too heartily into the competition of low prices — ^neglecting the 
maxim that a good article will eventually gain a good price ; this cause 
no doubt was a necessity to some firms whose capital was limited. At 
one time, Messrs. Monkhouse had a name for manufacturing handsome 
saleable goods ; and some of the other firms made varieties which were 
not without merit • 

In the report of the jurors on the carpets shown in the Exhibition of 
1862 the value of the annual production of England and Scotland is esti- 
mated at d^,110,000, as detailed below. This report was drawn up by 
Hr. Brinton, a juror and manu&cturer at Kidderminster : — 

Yorkshire £980,000 

Sadderminster and neighbourhood 680,000 

Durham and Kendal 120,000 

Somersetshire and Wiltshire 40,000 

Scotland 840,000 

£2,110,000 
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The report farther states that the number of persons employed in the 
mannfactore of carpets and the preparation of materials for them is about 
40,000. 

TABLE No. 1, 

Skomng the Nwmber ef I%rmi engaged in the Manufacture of Carpetimg, and Looms 
for eaeh dsieription of Carpeting, in the teoeral Cbuntiet of England in the 
year 1850. 



COUHTT. 


2. 


Bnuwif 
Hand 
Looms. 


•nd'rlSfe 

Corer, Ac. 

Hand 

Loonu. 


AzmJaiter 
BacXooma. 


and 4-1 a. 

dtnniiwtMr 

Carprt 

Loomi. 

eltlier Com. 
Bonor 
Super. 


44Dtttflh 
Loom. 


TCDAtUll 

■ad 
DwiMk 
Looiu. 


DnrhaTn 


7 
1 

1 

1 

8 

1 

1 
29 
22 


76 

"li 

149 

"26 
21 

1984 
87 


"'93 

SeriefiPtat 

""i 

"316 

694 


"22 


277 

80 
5 
8 

76 

"55 
641 


196 


262 

""s 

84 

""(ii 

29 


Lancashire 

Linoolnshixe .... 

MiddleBex 

Shropshire 

Westmoreland... 
WUtshire 


Worcestershire.. 
Yorkshire 




66 


2804 


1008 


22 


1087 


219 


408 



TABLE, No. 2, 

Showing the Number of Unm engaged in the Manufacture ef Carpeting y and Looms 
^.-.^^fuLxach^deioription of Carpeting, in the $everal\ Qntntiei of England in the 



Page 287-la Table No. 2, for " Patent Axmlnrter Power L«>n.. » . » 

Axmlnrter Hand Loon* ^^ ^"^ '"^ P»**»* 



■■■-lMn,-n n 

Shropshire 

Somersetshire ... 
Westmoreland... 

WUtshire 

Worcestershire.. 
Yorkshire 


1 
1 
1 
1 
22 
28 


10 
15 
20 
BS 
255 
2 


25 

"487 
116 


713 


"149 


"'18 
88 

1072 


*282 


20 
15 

i'i 

71 




60 


887 


618 


815 


149 


1298 


298 


250 
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TABLE, No. 3, 

Showing the Ifumber of Firms engaged in the Manufacture of Oarpeti, and Loom$ 
for eaeh description of Carpeting^ in the several Counties of Seotland in the 
year 1850. 



COUWTT. 


2. 

Films 


Broaadi 
Haad 
Looms. 


Printed. 

COTIT tC. 

Hand 
Looms 


.Pttent 
4xiniD«ter 
Cmpetukd 
Bog Looms. 


J?STfi^d. 

dannlBster 

Looms. 

dtberCom. 

mi-n or 

8np«r. 


4-IB«tA 

Looms. 


Vepcltea 

ud 
Psmssk 
Looms 


AberdeenRhire . . 
Aynhire 


1 

7 
1 
2 
5 
2 
4 


24 
90 

'"63 
"24 


"160 
93 
43 


"iso 


182 

429 

62 

7 

372 

'16I 


12 
6 


""2 

"ii 


DumfrieBsliire... 
Edinburgh 

Renfrewshire ... 
Stirlingshire ... 




22 


201 


296 


ISO 


1143 


18 


16 



TABLE, No. 4, 

Showing the Number of Urms engaged in the Manufacture of Carpeting^ and LoomM 
for eaeh description of Carpeting ^ in the several Counties of Scotland in the 
year 1863. 



COUNTY. 


Fiimi 


Brasada 
Hand 
Looms. 


BmsMls 
Power 
Looms. 


Printed, 

•nTrSTe 

Cover. *e, 

Bsndsn^ 

Pow«r 

Looms. 


Patent 
Canatan4 


either Com- 




Aberdeenshire . . 
Ayrshire 


1 

6 

"2 
5 

"3 


"24 


"21 
"15 


"'si 


...... 

"432 


109 

487 

.....^ 

101 

"129 


2 
"1 

"12 


Dumfriesshire.,. 

Edinbnrgh 

Lanarkshire .... 
Benlrewshire ... 
Stirlingshire ... 




17 


24 


86 


84 


482 


832 


15 
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TABLE No. 5, showing the Number of Yarde, and Value, of each description of Car- 
peting manufaetwred in the several Counties of England in the yea/r 1850. 



Tarda of 
Brvuelaand 
Vslret Pile 

Carpeting. 

withTaineat 

4a. Id. 

»«7«rd 



Durham 



Lancashire . 
Lincolnshire .. 
Middlesex ... 
Shropshire ... 
Somersetshire • 
Westmoreland • 



WUtshite , 



Worcestershire^ 



Yorkshire. 



106,704 
£21,785 



28,868 

£4,878 

209,196 

£42,710 



28,080 

£5,738 

29,484 

£6,019 

2,785,586 

£568;ri3 

51,948 

£10,(^06 



Tarda of 

Printed 
Tapeatrj 
Carpeting 

with 
Talneafc 

tB.6d. 

per yard 



Caipeta 

and Rngi, 

eitimated 

•ta 

prodoetton 

of 4180 

per loom 

P-T annum 



788»482 
£97,92Sf 



9,360 
£1,170 



483,600 

£60,450 

926,640 

£115,830 



Patent 



Tardiof 

Three-ply 

and Kiader- 



£2,860 



Carpeting, 
withralne 

at 2a 6d. 

per yard 



Tardiof 

Dutch 

Carp<tlng 

virith 

▼aloiiat 

•a. per 

Ttcrd caih. 



618,544 
£64,818 



56,160 

£7,020 

9,360 

£1,170 

6.616 

£702 



142,272 
£17,784 



102,960 

£12,870 

1,199,952 

£149,994 



26,208 
£2, 20 



74.256 

£7.425 

856,128 

£85,612 



TarOiof 
Venetian 



Carpeting. 
witnTaloe 

at«a.8d. 

per yard 



Total 

Nvnber of 

Tarda. 



980,928 1,606,176 
£110,854 

788,432 

'66,160 

63,180 

861,'468 



29,962 

£8,869 

127,296 

£14,820 



29,952 
£8,869 



250,8483, 
£28,220 
108,676 
£12,214 



Assumed value of Mosaic carpets made at Halifax 
Do. Axminster do. made at Wilton 



Deduct 10 per cent, for holidays and looms not working 



226,612 
*29,'484 
,697,'200 
3,143,244 



9,966,856 
995,685 



8,961,171 



Total 
Value. 



£ 

196,967 

87,92'J 
7,020 
g,4l2 

58,902 

C80,iJ3S 
4,&0(J 



1,467,689 
146,758 



1,320,831 



TABLE No. 6.— ENGLAND, 1863. 



Durham 

Lancashire ... 
Lincolnshire » 
Middlesex ... 
Shropshire ... 
Somersetshire 
Westmoreland 

Wiltshire 

Worcestershire 
Yorkshire 



186,640 

£37,901 

21,060 

£4,299 

28,080 

£5,733 

46,332 

£9,459 

3,367,688 

£686,507 

792,168 

£161,784 

Assumed value of 
Do. 



284,232 
£68,030 



657,072 
£82,134 



202,176 

£25,272 

6,006,312 

£760,789 



£19,370 



129,168 
£16,146 



96,472 
£11,934 



38,696 

£4,212 

156,376 

£19,422 



2,006,784 
£260,848 



48,048 
£4,804 



1,231,776 
£128,177 



314,496 
£36,380 



149,760 
£16,848 

33,696 
£8,790 

74,880 
£8,424 

66,160 
£6,318 



41,184 

£4,638 

265,824 

£29,906 



Mosaic carpets made at Halifax 
Axminster carpets made at Wilton 



Deduct 10 per cent, for holidays and looms not working 



727,896 
667,072 
'95,472 
14'9,'760 
2i'9,'886 
l'29,'636 
287,'664 
'46','d82 
3,66o,'948 
10302864 



162169802, 
1621698 



145952821 



£ 
109,666 

82,184 

11,934 

16,848 

41,691 

16,936 

86,277 

9,459 

734,782 

1,816,468 

2,550 
6,600 



1,884,119 
238,411 



2,146,70^ 
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TABLE, No. 7, 

Showing the Number of Yard^j and Valuer of each description of Oarpeting maim* 
faotured in the several Counties of Scotlamd^ in the year 1850. 



COUNTY. 


Tarda of 
Bnuaelaand 
Valv«t PUe 
Carpeting 
withTaliM 
at 4b. Id. par 
yaxdcaah. 


Tarda of 

Piint-d 

TapMtry^. 

with valae 
atte.6d.per 

yazdeaah. 


Pat«nt 
Axminster 
C>irpeUng 
andRngi. 
eatlmated 
at a pro- 
duction of 

AMOper 
loom p«r 

annum. 


Tarda of 

and SldL. 
minst«r 

CarpeUng. 

with value 
ataa.6d.per 

yardcaah. 


Tarda of 

Dutch 
Caip«ting 
with ralue 
afcta.per 
yaideaah. 


Tarda of 
Yenctian 

Carpeting 
with Talue 


Total 

Number of 

Tarda. 


Totel 

Vafaia. 


Aberdeenshire 

Ayrshire 

Dumfriesshire | 
Edinburgh ... 
Lanarkshire . . 
Renfrewshire 
Stirlingshire..] 


33,696 

£6,879 

126,360 

£26,798 

88,'462 
£18,058 

88,696 
£6,879 


249,600 
£31,200 

145,080 

£18,136 

67,080 

£8,385 


• 

£27,000 


247,104 

£32,947 

803,088 

£107,078 

97,344 

£12,979 

13,104 

£1,747 

696,384 

£92,851 

282,672 
£37,689 


52,416 
£5,241 
26,208 
£2,620 


'7,488 
£842 

7,488 
£842 

44,928 
£5,054 


333,216 
963,144 

97,'344 
270,192 
92i,916 

67,i)80 
36i,'296 


£ 

46,067 

136,338 
12,979 
83,789 

166,044 

8,385 

49,622 


Deduct 10 per cent, for hoUdajs aAd looms and not working 


3,022,188 
302,218 


£442,224 
44,222 
















2,719,970 


£398,002 



TABLE, No. 8, 

Showing the Nwnher of Ya/rds^ amd Value, of each description of Carpeting mamu* 
faotured in the several Counties of Scotland, in the year 1868. « 



Aberdeenshire ] 

Ayrshire \ 

Dumfriesshire 
Edinburgh ... 
Lanarkshire . . 
Benfrewshire 
Stirlingshire. . 



144,144 
£29,429 



102,960 
£21,021 



83,696 
£6,879 



570,336 
£71,292 



£64,800 



204,048 

£27,206 

911,664 

£121,555 



11,232 

£1,497 

189,072 

£25,209 



241,488 
£32,198 



7,488 
£842 



8,744 
£421 



44,928 
£3,054 



204,048 
1,()6'3,'296 



585,312 
292,032 



320,112 



£ 
27,206 

151,826 



78,2X0 
111,030 



44,131 



Deduct 20 per cent, for holidays and looms and not working.. 



2,464,800(£407, 
492,960 



,408 

81,480 



1,971,840 



£325,923 



NoTB.~The return for Lancashire is necessarily in part assumed, as Messrs. 
J. Bright and Brothers, of Rochdale, declined to give any information as to the 
number of looms, &c., in their factory. 
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Hearth rtigs^ of which the tufts are inserted by'fingery are not inelnded 
in the foregoing tables of prodnetion. This branch of trade is pnrstiod Vf 
80 many small firms scattered' throughoat the country tbart it htttf bieeA 
found impossible to obtain accorate statistics. 

Nothing connected with the carpet trade of the Nordk of EttglflOid; is 
more worthy of notice than the eourse which the mannfaictiirers haire 
adopted for the prevention of strikes among their workmen. 

Preyious to the year 1838 strikes were of frequent occurrence in* the 
district^ and the want of any co-operation amongst the masters had ended 
in their workmen placing them at a serious disadvantage (in respect of 
wages) with other masters, both in the south and in Scotland. TkiS' state 
of things had existed for eighteen months, when, goaded by necessity, a 
meeting was arranged by Messrs. Crossley, of Halifax ; Cooke, of Milt-' 
bridge ; Whitwell, of Kendal ; Monkhouse, of Barnard Castle f and Hen- 
derson, of Durham. 

It was then determined to form an Association for the better regulation 
^f wages in the northern counties. Invitations were issued to all the 
maBu&cturers, who with scarcely a single exception attended and gave their 
adhesion to certain rules for the guidance of the Assomation. 

It was determined that this policy of the body should be flfot to look 
solely to the financial interests of%he maaters^ but also to consider andj as 
far as possible, legislate for the benefit of the workmen, always bearing 
in mind that it was but iair that the operative should have a renluneration 
for his labour sufficient to maintain himself and family in decent comfort, 
and to make provision for periods of sickness. 

From 1838 to 1849 the Association was presided over by Mr. Johtt 
Howard, of Leeds ; since IJiat time its president has been Mr. William 
Henderson, of Durham, and its treasurer Mr. John Crossley, of Halifox-. 
The present secretary is Mr. W. Armitage, of Hecknvondwike, end these 
three, assisted by a committee of four manufacturers, attend to any urgent 
or special matters which cannot be deferred till the annual meetings'. The 
masters assemble each year in the month of July (generally at Leeds), and 
nfter the formal business and election of officers for the ensuing yeai*, the 
chairman states the sevei'al topics to be brought forward. 

With a view to prevent hasty legislation, a statement of ail changes 
desired by the workmen must be sent to the President fourteen days 
fireviously ; this is immediately printed, and a copy sent to each master: 
they have thus ample time for fully considering the several topics. After 
a short preliminary discussion the deputation from the workman is 

H H 
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admitted. They present a memorial in which their wishes are stated and 
supported by short arguments. This is followed by a series of speecheB 
from the deputation, each deputy taking a particular portion of the sub' 
ject, and on the conclusion of his remarks the President, and occasionally 
other masters, further elucidate the matter by questions. This continues 
till all necessary information is obtained, when the deputation retires. 
The business is then entered upon by the masters, and opinions are freely 



Where difference exists, the majority rules ; and it is to the credit of. 
the masters, that for six-and-twenty years no one has attempted to break 
the rules or erade the decrees of the Association. 

The deputation of workmen being recalled, the decision of the meeting 
is read, and always respectfiilly received, though it frequently happens 
that it is not in accordance with the wishes of the former. On three 
occasions only has the difference been so wide as to threaten trouble. 
The first was immediately after the formation of the Association, and, 
indeed, was its natural consequence. At that time, the men (inflamed 
by paid agents) looked upon their masters as tyrants, and a struggle 
ensued ; the masters, firmly banded together, were of course victorious^ 
and from the funds of the Association remuneration for loss by the strike 
was made to such masters as had suffered. 

Having shown their strength, the masters from that time laboured to 
prove to their workmen that they would deal as fairly and liberally by 
them as possible. The other two occasions were each on petitions for 
10 per cent advance in wages, which were refused* The President, how-* 
ever, has power to call special meetings, and, after waiting for a sufficient 
period to elapse to show the masters were not acting on compulsion, he 
sxmimoned the Association to meet and re-consider their decision. In 
both cases there appeared sufficient grounds to warrant them in reversing 
their course ; the petiti&ns were granted, and peace has been preserved. 
Twen^-six years have elapsed, with harmony betwixt masters and men, 
the former enjoying the confidence and respect of the latter; and all this 
has been effected without at any time having to give higher wages than 
those the men were justly entitled to. 

So long as human nature exists there will always be difference of 
opinion amongst masters as to the remuneration properly due to work' 
men ; and there will be workmen who chafe and become irascible at not 
obtaining things on which they have set their heart And thus it is, 
that when the masters and workmen act isolatedly, and only on their own 



J 
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local knowledge and wishes^ obstinacj and anger too firequently precipi* 
tate harsh measures. It is a very different thing when each master most 
appear and prove his opinions by good eyidence, before a board of masters 
determined to do justice to both employers and employed ; and no depu- 
tation of workmen can put forward impracticable or manifestly unjust 
claims, because they have to discuss and prove all that they assert. 

It is this judicial character of the board, and its determination to act 
only on proof, tempered with leniency to the workmen, that has so long 
and so happily maintained peace in the carpet manuiactories of the North 
«f England* 



ON 



THE MANUFACTURE OF HATS, 



WILLIAM WILSON. 



The manufacture of hats has long been carried on in Newcastle; tlie 
iielt makers having been associated with the armourers and curriers as one 
of the guilds of the town in 1546. Felting is the process of making a 
fabric, or cloth, by the interlacing of the fibres of the wool or furs of 
yarious animals ; however fine and straight these fibres appear, thej are 
all furnished with spurs, or have irregularities of surface (as may be seen 
by the microscope), and have a tendency to interlace; when moistened 
with warm water, or steam, and rolled under moderate pressure, this 
tendency to interlace and work together, by a vermicular motion is 
increased, and may be continued until a strong fabric is produced. It is 
probable that this art was known at an early period, as the tendency of 
these materials must frequently have been observed ; but there is no 
account of felt hats having been worn until the twelfth century, when 
they were in use by ecclesiastics. Early in die fifteenth century they 
were adopted by laymen. 

According to the " Hatters' Union,"^ they were first made in LoRdoUy 
in 1510, where the Felt Makers^ Company was incorporated in- 1604 — 
more than half a century after they had been incorporated in Newcastle ; 
but although thus early established here, there are no records by which 
the character or extent of the manufacture can be traced. It is known 
that, from the commencement of the present century, it was limited Uy 
the supply of the local demand foi* a strong and not very fine hat ; and 
that about thirty years ago, when the silk*napped hats superseded the 
beaver naps in public estimation, only one manufacturer — the late David 
Colling, of Gateshead— adapted his works to the requirements of the new 
fashion ; and for some years afterwards no felt hats were made in thi9 
vicinity. 
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Perhfips in no trade has the combination of the wotkmen^ to reguUtB 
the price of labour and method of working been longer in operation of 
more stringent than in this, and the result has been injurious to all 
engaged in it. The employers knew that if they ventured out of the 
routine method of manufacture^ they would meet with opposition at 
every point } the intelligent workman who may have seen any suggested 
change to be an improvement, and wished to try it, has been prevented 
and kept down to the level of his fellows. 

Thus, although several important improvements were attempted early 
in the present century, and patents obtained for them, the proprietors 
were unable to contend with these obstacles ', and manufacturers in other 
countries, less restricted by their workmen, have adopted and followed 
them up to a useful result, and have been able thereby not only to com«* 
pete with, but to supersede, us in some countries formerly supplied irom 
England, and even at home, and in our own colonies, to some extent 

About six years ago, William Wilson and Co., who were then silk 
hat makers, began a manufactory of felts, and were the first in this 
kingdom successfully to introduce machinery for felting. Their workmen 
have found the change beneficial to their interests^their weekly earnings 
having increased, although the rate per dozen is lessened, and the 
character of their work has become easier and more agreeable, requiring 
more constant attention but less physical toil. Much of their opposition 
to machinery has consequently passed away, but enough yet lingers ta 
retard further improvements. 

To show more clearly the nature of the improved method adopted 
by them, it may be well, in the first place, to give a short description 
of the old mode of manufacture by hand labour. 

The materials, whether wool or fiir, or a mixture of these, was placed 
on an open hurdle, when the workman, taking a bow about seven feet 
long, struck the catgut stretched between from end to end with a stick, 
so as to cause it to strike the material on the hurdle and throw it in fine 
loose particles on to the table; when half the quantity for one hat was 
thus spread, it was pressed under a piece of leather until somewhat 
oonsolidated, and the second half being formed in like manner it was 
laid on the first ; a piece of tissue paper, of triangular shape, being 
between them to prevent the two portions uniting, except at the edges, 
where they were folded and pressed together until they united and formed 
what is termed a " bat" of a conical shape. 

This '' bat" required hardening by a continuance of the rolling in cloth, 
with an occasional application of steam to prepare it for the rougher 
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)»i*ocess of felting. This operation is performed fit what is tefmdd fl 
planking battery, usually made for six or eight men to work at. It consistil 
t)f a leaden vessel, or ^' kettle," filled with hot water containing a little 
vitriol, and surrounded by six or eight planks, each about two feet deep^ 
End sloping to the kettle. 

The workman dips his hat in the kettle from time to time and rolls 
it on the sloping plank in various directions, sometimes under a roller^ at 
others in a cloth or with his hands, repeating this until the fibres have 
worked together into a firm body^ or in other words become sufficiently 
felted. 

It has been found needful to adopt two distinct mechanical processes 
for making the bodies of wool and fur hats ; the former^ eveh the short 
lambs-wool usually employed readily forming a sliver, while fur is too 
short and straight to do so, and must be operated with in a manner more 
analagous to the "bowing" already described. 

We will first describe the process of wool hat felting. See illustration. 

The material, after being cleansed and carded in the manner usual in 
other branches of the woollen trade, is passed through a second carding 
engine in two portions, with a space of three or four inches between each^ 
and as the sliver leaves the dofier it is guided on to the double cones or 
hat moulds, and as these revolve is wound round them. 

This machine (see illustration) consists of two upright moveable 
firames or carriages, connected together by a shaft running between them^ 
each firame or carriage bearing two pairs of cones rotated by bevil wheels^ 
connected with bevil wheels on the before named shaft* Upon these 
cones are placed the conical hat moulds, which revolve by friction of 
contact with them, and round which the wool is wound as before named. 
In the centre of the shaft, between the carriages^ is a right and left hand 
screw, the threads of which cross and unite so as to form a*continuou3 
groove, so that when the tongue or pin which runs therein comes to the 
end of one thread it turns on its pivot and runs back on the other, thua 
communicating an uniform reciprocating motion to the two carriages; the 
result of which is a continual crossing and recrossing of the wool as it 
is wound round the hat moulds ; if it were not for this action the felted 
hat bodies would only yield in one direction, and could not be stretched 
into the required shapes ; but as it is also needful to form the brim and 
band of the hat thicker and stronger than the upper part of the crown, 
this reciprocating motion of the carriages is stopped for a time by the 
following arrangement, so that the wool is then simply wound round the 
centre of the moulds. 
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At a right angle from the centre of the screw on the shaft is a slide, 
to which is attached a fulcrum with a hole through which a lever works j 
parallel with the shaft is a rod attached both to the lever and the carriages ; 
parallel with the rod below the screw is a slide-rod supporting the tongue 
or pin, and carrying one end of the lever with it, while the other rests on 
the fulcrum. Another lever works on a pivot with its end extending over 
a ratchet wheel with pins on its outer edge, while the other end is con- 
nected with the slide at the fulcrum, so that as the ratchet wheel moves, 
the slide also moves, and carries on the fulcrum, thus shortening the 
action of the lever and the rod until the fulcrum comes under the pivot 
which connects them, when the rod ceases its reciprocating motion and 
the carriages also, until the pins in the ratchet wheel pass the end of the 
the lever, when it is released, and the reciprocating motion resumed. 

Bj means of the ratchet wheel a bell is rung, when the required weight 
of wool is wound on the blocks ; it is then divided in the centre by the 
attendant, and forms two " bats," which, each with an inlayer are then 
folded in cloths and placed on a perforated iron plate, through which steam 
passes. When sufficiently' moistened and heated they are placed between 
two boards, to which a jigger action is given ; by this means they are 
sufficiently hardened to bear the heavier operation of the planking or 
felting machine. See illustration. 

This machine is worked by two men who have a '^ kettle" of hot water 
and acid (as in hand felting) between them, each also with a bench in front 
sloping down to it, and at each side a hollow cylinder, in which are four 
corrugated wooden rollers supported in bearings at each end, with a space 
between them, through which the hat bodies are to pass rolled up in 
cloths. 

The coniigated rollers are not placed parallel with each other but 
obliquely, so that the axis of one, if continued, would cross the axis of any 
other. By this means, both a rotatory and a longitudinal motion is given 
to the roll of hat bodies between them ; they are put into the machine at 
his right hand by each workman, and received from his fellow-workman 
at his left. The journals of two of the upper rollers in each set do not 
work in fixed bearings but in a frame witli a horizontal sliding motion, by 
means of which a to-and-fro or rubbing action is given to the roll of hats; 
the journals of the two below them have a little space downwards in which 
they work against india-rubber springs, and are thus prevented receiving 
the damage that would result from an unyielding pressure. The motion 
is communicated to the machine by a pully on a shaft running above the 
cylinders, and furnished at one end with a bevil wheel working in con- 
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nectioit with others attached to the journals of the rollers — the workmen^ 
as they receive the rolls of hats passing through the cylinders, open them 
out to dip in the kettle, and refold free from creases likely to form Idmps. 
This operation is continued until the bodies are sufficiently felted. 

When the material employed is fur, there is frequently a variety of 
sorts which require to be thoroughly mixed, and the lumps and coarse 
hair thrown out^ this is done in a machine called a '^ picker," consisting 
of a series of boxes (from six to twelve) connected together, and each fur- 
nished with a roller armed with fine wire teeth, which, moving at great 
velocity, catch the for as it enters the box, and throw it upward and for- 
ward on to the travelling apron, which takes it on to the next, and so on 
to the end, when it falls into the receiver — the impurities having passed 
through a grating in its transit. For the finest hats it is oflen ne^dfol 
to make a greater separation of the coarser fibres than can be obtained by 
this process, and the fur is therefore brought under the operation of a fan 
making 2,500 revolutions a minute, which blows it along a passage seventy 
or eighty feet into a chamber about one-third of that length, where it is 
deposited, the fairest and lightest fibres being carried to the extreme end, 
and the coarser and heavier falling nearer. 

To form the ^' bat," the for is next taken to the forming machine. (See 
illustration.) Sufficient for one hat is spread on the feed-apron by the girl 
in attendance, and carried on between two rollers, when it is caught by a 
rapidly-rotating brush thrown through a trunk, and fieills in a thin film 
on to a perforated copper cone, which, placed on a revolving table, suc- 
cessively presents every side to the mouth of the trunk ; below the table a 
fan, making 3,500 rotations per minute, draws the air from the interior 
of the cone, so that the light fibres of the for are held in position by the 
pressure of the air ; covered with a cloth and a second cone they are 
immersed in warm water and then removed from the cone and subjected 
to slight pressure and rolling to harden them sufficiently for the felting 
process which is performed by hand labour, as before described. 

The hat bodies, both of wool and for, are next stifiened and made 
waterproof by a solution of gums (of which shellac is the principal ingre- 
dient) ; they are afterwards dyed in a bath composed of suitable materials 
for the desired colour, and then " blocked" by softening in hot water, and 
being drawn over moulds into some resemblance to the shape they are 
intended to be worn. These processes are very important, but a detailed 
description would not interest the general reader, and we therefore pass 
on to the process termed '* Finishing." 

Formerly, the hat — after being " blocked " as last described — was put 
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into more exact shape by being steamed on to a block^ and ironed closely 
to it until its surface became smooth and bright ; this object being aided 
by the use of a plush or velvet cushion. Some sorts of hats are now 
fitted to the block in the same manner ; but they are then, whilst on the 
block^ attached to a lathe turning at a moderate speedy and a piece of fine 
sandpaper, lightly applied to the revolving hat, quickly removes all the 
irregularities of surface, when the application of the velvet cushion gives 
the required brightness in a much greater degree than unaided by the 
I'evolving lathe. Other sorts are softened by the heat of a gas stove, and 
then placed in a mould the desired form of the hat. An iron frame, with 
an india-rubber bag attached to it, is then made to descend on to it, when 
water is turned into the bag at a pressure of 350 lbs. to the square inch, 
80 that it fills the interior of the hat, and, pressing it in every part to 
the mould, produces a smooth exterior surface, which is then finished off 
on the lathe as before described, and is ready for the '^ trimmer " who 
puts in the lining and binds the brim, the edges of which are afterwards 
curled and put into proper shape for use. 

The manufacture of silk hats is much simpler, and requires but two 
classes of workmen. The body maker who receives the calico used for 
the foundation, steeps it in a waterproofing solution, of a somewhat simi- 
lar character to that used in felt hat making, stretches it on frames to 
dry, then cuts it into proper proportions to fold round the hat block, to 
which he attaches it by hot ironing, attaching a stouter portion after- 
wards for the brim. The finisher draws over the body a '^ cover" of silk 
plushy irons it closely to its surface, which has had a thin coating of 
varnish to cause the plush to adhere more readily to it ; by repeated hot 
ironing^ and lureing with a plush and velvet cushion like those used for 
felts, he brings the silk plush to a smooth and bright surface and the 
body to a tighter and more elastic substance ; the hat is then lined; the 
brim curled, and it is also ready for use. 

It is estimated that from 500 to 600 doasens of hats and caps are 
weekly manufactured in Newcastle and Gateshead, employing, with those 
engaged in the preparation of fiirs for that purpose, at least 600 persons. 
The latter branch of business is carried on to a considerable extent; 
about two millions of hare and rabbit skins being collected annually, 
part of which are exported, and the fur of the remainder separated from 
the skin and prepared for the hat manufacturers of our own country. 
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MANUFACTURE OF HEMP AND WIRE ROPES. 



GEORGE LUCKLEY. 



RoPEMAKiNa is one of the primitive arts. The remote antiquity of 
*' hanging " significantly suggests the still earlier invention of the rope^ 
which has always been the agent in that simple method of accomplishing 
the fate of persons " not born to be drowned." The demand for this pur- 
pose, however, never sustained the art^ much less entitled it to honourable 
mention as a trade. Its importance, in this respect, has always depended 
upon shipping and mining, in the development of which it has been a 
chief agent. It was therefore natural, that at an early date, ropemaking 
should have had a seat among the industries of this locality, favoured in 
addition by the convenient and established intercourse of our ports with 
those of St Petersburg, Riga, and Archangel, whence almost the whole 
raw materials of the manufacture were originally derived. Accordingly, 
ropemaking was one of the ''nine mysteries" of old Newcastle ; and the 
fraternity still constitutes one of the Incorporated Companies of Freemen 
in that town, where, for about forty years, it has had as one of itb stewards, 
the well-known freeman, Mr. William Meikle. This sturdy roper has 
been upwards of half a century in one of the oldest roperies, and after 
witnessing the notable changes which, during that period, have overtaken 
his handicraft, he now stands its representative under its most recent 
development — that in which it exhibits, what may be literally termed, the 
power of an iron destiny. 

As will be particularly mentioned hereafter, ropemaking, until about 
the beginning of the present century, was conducted after a very simple 
and unscientific fashion, apparently without improvement upon the prac- 
tice of ages. In small ropeworks, the power was all manual, but horse- 
power was superadded in larger works. Excepting from the '' tarring'^ 
of the yam, which was done at intervals, according to requirement, the 
manufacture was performed throughout without smoke or other offensive 
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attendatits. The most considerable and profitable part of the business was 
the making of cables for shipping. An ordinary collier brig, beside towline, 
wai*ps, rigging, and running gear, was equipped with two hempen cables, 
each 120 fathoms long, and from 10 to 12 inches circumference, weighing 
2^ to 8) tons. The cables of ships of war were from 18 to 24 inches in 
circumference, weighing 8 to 15 tons.* In point of size, there is not in 
modem ropemaking anything to compare with these cables. Many large 
men-of-war's cables were made on the Tyne, at the Willington Ropery, 
about sixty years since. These cables could not be coiled into lifting 
coils nor weighed. The ropery was almost always contiguous to the river, 
or river communication, and commonly had rights of way over intervening 
property, for running the cables '^ on end " into craft which conveyed 
them to the ships. The weight was charged by a fixed rule, which had 
the reputation of giving a result more in favour of the roper than his 
customer. There were, at the same time, other usages in the trade, not 
adverse to the ropemaker, which disappeared upon the advance ot 
competition and free-trade. 

At that time a tolerably compact Association of Masters in Newcastle 
and Sunderland, enjoyed a common understanding and held together. 
The transactions and course of business, though important, were not rapid 
and manifold as now ^ and privileges and customs were legitimately main- 
tained and admitted by our forefathers, which we, with the principles now 
permeating the commerce of the country, neither can^ nor ought to hope 
for. The names associated in this district, with the trade at the beginning 
of this century and shortly afterwards^ were : — Newcastle — Cramling- 
ton. Peacock, Rutherford, Smith, Chapman, Crawhall, Dodds, and 
Hodge. Oateehead—Uood, Errington, Winship, Haggie. 'Sufukrlaful 
— Fothergill, Grimshaw, Hutton, Webster. North /SAtVife— Linskill, 
Bradshaw. South Shields — Shadforth, Wawn. It will be observed 
that some of these names are still in the foremost ranks of the trade 
— Websters, Crawhalls, and Haggies, maintain their fathers' fame, while 
a Smith perpetuates his grandfather's. In the times above noticed, the 
master roper usually lived in a well circumstanced mansion, adjacent to 

* A " first-rate " man-of-war's outfit of hemp rope weighed 78i tons. At pre- 
sent, when the Legislature is enacting a law for the testing of chain cables, it is 
interesting to note that the cables of former days were the subject of State regula- 
tion. By 26 Geo. III., c. 56., the ropemaker was bound by penalties and forfeiture, 
to use only certain descriptions of hemp in making rope for shipping — to have his 
name upon the tally accompanying his goods, and to use the term " staple " or 
"inferior" upon each tally, to distinguish the rope made of the best or inferior 
material permitted by the Act. 
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the ropewalk and overlooking* the river. His house^ grounds, and ropery^ 
had a rusticity not easily conceivable by those, who know only the present 
much c)ianged aspects of the Tyne and Wear. 

The process of the manufacture itself, underwent a course of changer 
and improvement, commencing with the present century; but before 
describing this, it may be more convenient to relate a great change 
which overtook the trade from without — between the beginning and 
maturity of its internal improvements. In 1808, Mr. Slater, a Navy 
surgeon, obtained letters patent for making chain cables. This was 
not pursued further by him, probably (it has been said) from want 
of means. Immediately afterwards, however, Lieut. Samuel Brown, 
R.N., secured a patent for the same purpose; and he, along with 
Mr. Brunton and some other friends, fitted out an experimental 
ship (the ^^ Penelope"). Afler her voyage, an account of the results 
of their tests and experience of the use of chains on board shipy 
was published, which induced the Admiralty to order that they should be 
tried in the Navy. In 1812, Mr. Brunton patented some improvements 
which obviated various defects, — the Admiralty then formally adopted 
chain cables f3r the Navy, and, in consequence of the war price of hemp^ 
ropes, the use of chain cables in a few years fully superseded that of hemp, 
and the most lucrative portion of the ropemaker's trade was annihilated. 
The blow was a serious one and inspired the gloomiest apprehensions. 
But patience and the expansion of commerce tided the trade over the 
emergency, and ultimately, not only did the chief ropeworks maintain 
themselves, but several new makers commenced operations. About this 
period and soon after, great developments took place in the uses of 
machinery and the steam engine, which gradually changed the character 
of the trade of the district generally, as well as revolutionised the interior 
of the primitive ropewalks. The ropemaker had to submit, not only to 
the appropriation of the best part of his business by the chainmaker, but 
the latter located himself, very frequently, near to the once pleasant rope- 
walks, and there plying his blacker art, made it a question of time only, 
how long the former should endure residence near the unwelcome sights 
and sounds produced by his opponent. For the most pait, thanks to the 
rule for calculating the weights of the lamented hemp cables and other 
advantages of his primitive trade, he was able to shift himself to some 
more pleasant retreat, leaving his sons or successors to cope with the new 
events, and to inure themselves to the smoke and disfigurement which 
were settling down upon the river sides. 
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f 
It was abottt 1816, that flat ropes were largely adopted for drawing 1 

coal. Their inTention seems to have been due to Mr. John Carr, of \ 
Sheffield, in 1807. Round ropes from 4} to 6 inches circumference, had pre« 
viously been used. Besides their smoothness in working and other 
recommendations, flat ropes increased the amount of work, and became 
a very important branch of ropemaking. Although, in later times, they 
liave been greatly superseded by wire flat ropes, they are still used in 
d»e coal districts of Scotland and Cumberland, and the supply to these 
districts, as well as to isolated collieries in other parts, is mainly drawn 
from Sunderlaad,«Gate8head, and Newcastle. 

We now retrace our steps to explain the internal changes which have 
taken place, as previously noticed. Before the commencement of the pre- 
sent century, the manufacturing process had remained without improve-* 
ment in the memory of those then living. The spinning was all by hand 
in the way familiar to all, and still partially practised. The formation of 
the yarn into strands, and of the strands into ropes, was managed upon 
the whole length of the ropewalk, somewhat as follows :-— The yarns in 
requisite number for the siae of rope, were extended, supported at regular 
intervals upon ** stake heads," the full required length ; then, after being 
parted into the quota for each strand, they were twisted (from the ends) 
to the desired compact roundness ; these strands (commonly three) being 
flnally ^'closed" or twisted together into a rope. This method of form- 
ing strands was imscientifio and very defective in large strands, because 
«f the unevennees of the strands so formed ; and because the yams, being 
all the same length when gathered into the twist, they were, in proportion 
to the size of the strand, subject to great differences of tension when 
strained in the rope, according to their position upon the circumierence 
or in the centre of the strand. All the improvements projected and 
effected, have had as their object the remedy of these defects, eidier 
separately from, or in conjunction with, such a plan as should at the 
sane time dispense with the necessity for a long rope ground. The 
progress of these improvements will now be explained. 

Excepting a patent in 1784, for a method of applying horse power, ' 
the first patent for improvements in ropemaking, was granted in 179S 
to the Rev. £. Gartwright for a machine, which he named a '' Cordelier.'^ 
This machine was apparently a development of a model sent, ten or 
twdve years previously, to the Society of Arts Museum, by a Mr. 
Sylvester, but it was an essential improvement, and is important as form- 
ing the basis of all subsequent machines for making of ropes otherwise 
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than '' on the ground^"' and is in feet perpetuated in the present most 
approred wire rope making machines. By the '^ Cordelier " three reels, 
(each holding the yams for a strand^ and by revolving on its own azis, 
forming the strand) were at same time carried round a common axis, 
thereby twisting the strands into a rope, while being '^ closed" and 
drawn away by suitable arrangements. From this time, improvements 
in ropemaking commanded an extraordinary amount of attention, and 
patents continued to be taken out in quick succession, all more or less 
embodying the same principles and differing only in details. The most 
notable patentees were : — Mr. Belfour, of Elsinore, Gapt. Huddart, of 
London, and Mr.Wm. Chapman, of Newcastle, each introducing successive 
improvements from 1798 to 1807. 

In this district, some important steps were taken in the introduction 
of the improvements, and the first in the kingdom to carry into operation 
his invention, was Mr. Richard Fothergill, of Sunderland, who secured, 
in April, 1793^ a patent for machinery for preparing, spinning, and 
making hemp into rope without a rope ground. He constructed and fitted 
up, at Southwick on the Wear, a very large ropery upon this principle. 
Practically, however, this method was not successful until improved by 
subsequent inventions. The Messrs. Chapman, after spending '^a 
fortune " in their attempt to sink Wallsend Pit, withdrew from it, and 
commenced ropemaking in the neighbourhood (at Willington), where they, 
erected a very large and perfect ropery, bringing to the business very 
eminent abilities. Mr. Wm. Chapman himself, and subsequently, in 
conjunction with Mr. E. W. Chapman, effected progressive improvements 
in the manufacture, and brought both trade and credit to the neighbour- 
hood, having secured large Government orders. They, simultaneously 
with Mr. Belfour and Capt. Huddart, before mentioned, effected im- 
provements in the forming of the strands and in various other details, 
which still exist. It is not possible to distinguish how far each con- 
tributed to perfect the machinery now generally used. It may be 
sufficient to state, that from 1793 to 1806 Mr. Belfour took out three 
patents; Capt. Huddart four; Messrs. Chapman, four; that Mr. Orim- 
shaw (succeeding Mr. Fothergill at Southwick) obtained a patent in 
August 1799, Improving upon Mr. FothergilFs invention pf 1793; that 
Messrs. Chapman obtained another patent in January 1802, for improve- 
ment in tarring yam, and again in October 1807, one for improvement 
in making flat rope ; that Mr. J. Crawhall, of Newcastle, procured a 
similar patent in 1832 ; and that in May 1833, Mr. William Norvell, 
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of Newcastle, took out a patent for a most efficient machine^ which seems 
to comprise all that could be effected in an ^^ endlesi rope maeki$ie"* or 
one which makes strands and rope at one and the same time without a 
rope ground. 

The effect of this protracted series of inventions was to brings one by 
one, all the roperies into a scientific method of manufacture with machinery 
of one or the other of the above inventors' designs ; and for the past twenty 
years, excepting in spinning machinery, scarce any alterations have been 
made. There is, still, considerable variety in the manufacture — ^hand- 
spinning is still preferred by some^which is perhaps not strange, since 
in Her Majesty's yard at Deptford, it has been resumed after a trial of 
machine spinning, — ^but, as a rule, the spinning is done by machinery. 
Mr. Langy of Greenock, appears to deserve the credit of inventing the 
best machinery for this purpose up to 1832, but more recently, very 
excellent systems have been obtained from Leeds, and it is probably frdm 
defects in the earlier machinery, that handspinning has been preferred in 
the cases mentioned. 

As regards the methods of forming strands and making ropes, there is 
still no uniformity of practice. By the improvements effected in the 
methods of making these on the ground, where the yams, instead of being 
stretched in bulk as before described, are arranged in correct relation to 
^ each other, being passed singly through perforated plates and press blocks 
and tubes in such a manner that each yarn may share the strain of the 
rope however large, — the ropes are free from objection, and continue to be 
extensively made by those who have facilities for so doing. In such cases 
the *' endless rope machines," or those which make ropes without the 
necessity of a rope ground, are also used and principally employed for 
such ropes as are too long to be made on the ground. Each system has 
its special recommendations in certain respects, so that at present in the 
roperies of this district, some spin all by hand, — some both by hand and 
machinery, — ^but the majority spin by machinery, — some makers who 
mann&cture exclusively for shipping, produce their ropes upon the ground 
only,— -some make both upon the ground and by ^' endless" machines,-^ 
but the lai^est quantity of rope is most probably made entirely by these 
machines. 



* The tradition is that the essential parts of this machine were the invention of 
a Sunderland clock and watch maker, who died before he could perfect it ; after 
which it was advanced and adopted by his patrons, Messrs. Grimshaw and Webster, 
bat still with some defects, which Mr. Norvell saooeeded In overcoming. 
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Prior to the Crimean war, Manilla hemp rope was^ trsed ta a verj 
trifling extent in this country, although largely employed by American 
and some other foreign shipping. Its high price was an obstacle to ita 
use by the British shipowner. During the late war, the extreme dearnesa 
of Russian hemp caused Manilla hemp rope to be substituted in many 
cases, and its use was largely increased. This led to a greatly-increased 
production abroad, and reduced prices here, which process has gone on, 
until the cost of Manilla hemp rope has been considerably exceeded by 
that of Russian, even in times of peace, and the former has now a large- 
preference. It is used principally for ships' running gear, but also, when 
tarred, for towlines, warps, &c. Its manufacture requires spinning 
machinery of the most modem and improved kind, aod the Liverpool 
ropemakers were foremost in accommodating themselves to its proper 
manufacture, which they did with great success. The ropemakers of 
Sunderland and Newcastle have followed, and now there is a large ^^ make"^ 
of Manilla cordage, on both the Tyne and Wear, equal in quality to that 
made in Liverpool. While the export of Russian hemp rope has almost^ 
if not altogether, ceased from these ports, the Norwegians, Swedes, and 
Germans, are importing Manilla hemp rope from us instead of Russian 
hemp rope hitherto made by themselves, or imported from Russia. 

WIRE BOPBMAKING. 

Unless the wire suspenders of the bridge built at Geneva in 1823,. 
may be regarded as ropes, the first attempt at wire ropemaking is claimed 
by the late Mr. Andrew Smith, a well-known inventor and mechanician,, 
of London. He alleges that in 1828 or 1829, he made, for a particurar 
experimental purpose, a piece of small wire rope, of fine wires twisted 
together ^ and although he, at the time, considered it an invention^ it was 
laid aside until, as will be presently noticed, he brought the inventioii intor 
a more definite shape. 

In 1831, it is certain that ropes of vdre began to be used in the 
silver mines of the Hartz Mountains. These ropes have been afuthen- 
tically described as not above 1| inch diameter, composed of three 
strands, each containing five wires. They were used in substitution of 
of hempen flat-ropes,./5wr times their weight, — usually lifting 1000 lbs., — 
effecting a saving of power amounting to two horses out of six, and 
working two years, almost without perceptible wear, where a hempen rope 
was all but worn out in one year. After this, wire ropes became 
rapidly adopted throughout the mines of Hungary and Austria to the 
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exclusion of hempen ropes. Wire ropes were also introduced into the 
collieries of Prussia shortly after the year 1833^ with highly satisfiu^ry 
economic results, — the published statistics stated the dural»litj of wire 
ropes in drawing coal; as two to three times greater than that of hempen 
ropes^ and the cost per weight of coals lifted^ as still more favourable to 
the former. In 1885^ M. Albert published in Grermany a particular 
description of the manufacture of the wire ropes used in the Hartz mines, 
which memoir was translated and published in this country, in the Mining 
Review, February, 1887, and was useful, both in drawing attention to the 
subject itself, and in indicating the various points requiring attention in 
the manufacture of such ropes. 

Prior to these dates, however, the invention had not been forgotten 
in this country, for it has been proved that Mr. J. B. Wilson, in 1832, 
made for Haydock Colliery a wire rope which answered satisfactorily; 
and in January, 1835, Mr. A. Smith (already mentioned) obtained a 
patent for an invention of wire rope, intended principally for ships' 
standing rigging. In March, 1836, a further patent was granted to 
Mr. Smith, in cofyunetion with Mr, J. Lionel Hood, of NowccutU* 
^tpon-Tyne^ and from this date Mr. Smith's plans were so practical, that 
the manufacture of wire rope was commenced at Great Grimsby, on a 
considerable scale, on his process. Collieries were supplied, ships and fire 
escapes fitted, and experiments and tests were reported. The Admiralty 
became so interested in the matter, that, in May of the following year, 
official tests of Mr. Smith's rope were made, and the results proved so 
satisfactory, that in 1838 its use was sanctioned, and shortly afWwards 
several of H.M. ships were supplied with the wire rope. The London and 
Blackwall Railway, at this time, was worked by stationary engines and 
Mr. Smith's wire ropes. In March, 1839, Mr. Smith obtained the 
last patent of which we have any notice ; but up to this time, in this 
country, wire rope appears to have been still upon its trial, and not 
much used by the miuing interest 

In 1840, Mr. Matthias Dunn, coalowner and viewer, of Newcastle, 
published in the Mining Journal a most favourable report of the advan- 
tages of wire ropes for colliery purposes; but although these were, 
demonstrated, there seems to have been but little encouragement given 
to the new manufacture in the great mining districts. Probably the 
ropes made, up to this date, were not of so perfect and reliable a con- 
struction as quickly to command the confidence of those who, besides 
having to provide for the alteration of gearing, also felt the responsibility 
of risk to human life. 

K K 
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In 1840; Mr. R. S. Newall^ of Dundee, and Mr. W. Euper (founder^ 
of the business now carried on by Glass, Elliott, and Co.), appear, simul' 
taneously, in possession of an improved method of making wire ropes. 
By mutual arrangement, a patent was taken out by the former on the 
7tii Aug^t, 1840. After making his machinery in Dundee, Mr. Newall 
chose the ancient seat of ropemaking for the carrying out of his mann- 
fiMSture, and fixed upon an eligible waterside site near Gkiteshead, where 
he erected a remarkably well-appointed manu&ctory. He soon produced 
TOipeB which fully satisfied all requirements, and proved the superiority 
of wire over hempen ropes for colliery uses, and their adaptation for work 
to which the latter were quite inapplicable. This was another turning 
point for the ropemaking of the Tyne and Wear, and no doubt, for some 
time, the ropemaker looked upon the new comer as a rival likely to 
deprive him of his trade to a greater extent than even the chainmaker 
had done. However, the progress of events was less rapid— the change 
more gradual — than had been anticipated. The prejudices of masters 
and men, the expense of alterations, the small inducement as regards 
first cost, all operated to make the adoption of wire ropes very gradual, 
even after their superiority was admitted^ and the hemp ropemakers 
were thus prepared to turn to a friendly account that which at first had 
threatened to injure them. Messrs. Webster, of Sunderland, presently 
followed Mr. Newall into the field, at first in opposition to his patent, 
but ultimately by paying him a royalty; and a large business was 
afterwards driven upon the banks of the Tyne and Wear in the new 
manu&cture. In fact, as a twxeuful trader wire ropemaking may fairiy 
be said to have acquired its first name and fame in this locality. The 
other hemp ropemakers on the Tyne, whose colliery trade had much 
&llen off by die time Mr. Newall*s patent approached its expiration, 
were then ready to take up the manufacture, and commenced to regain, 
as far as they could, their former customers. The reduction in price 
which ensued, and the stimulus which this gave to consumption, joined 
with that intelligent course of improvement and increased rate of produc- 
tion which have latterly characterised mining operations, soon caused the 
demand for wire rope to afford all the makers sufficient trade to replace 
that lost of hempen rope ; while the expansion of the commerce of the dis- 
trict has so contributed to augment the demand for shipping purposes, 
that, probably, the production of hemp rope in this district is even now as 
great as it has ever been. All the manufactories which enjoyed a colliery 
trade have, without exception, now combined wire ropemaking with 
hempen; while iomey whose trade was entirely with shipping, have also 
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done so. AU who make wire rope supply hemp rope also^ so that the 
two branches are now truly one trade — ^a ,fsw roperies only, not yet 
making wire ropes. 

The process of wire ropemaking is of course based upon that of hemp. 
There have been considerable disputes concerning the m0rits of the 
earlier methods of manufacture, and the originality of that patented by 
Mr. Newall; but there is no dispute upon the merits of the lattery and 
the influence it has had upon the -success of the trade. In the earliest 
uses of wire in the construction of bridges, the wires seem to have been 
formed into what may be termed little better than huge '' skeins/' bound 
at intervals by external wire lappings, so as to compact them and retain 
them in form, the loop ends of each '^ skein" affording the natural 
means of union for their connection. This simple formation yielded the 
iull strength of the wire. The next step in the use of wires, for purposes 
anahgous to rope, placed the wires parallel to each other, and by equal 
tension pressed them into what, in ropemaking, would be regarded as a 
simple strand. This was lapped spirally, end for end, closely and 
tightly with fine wire, upon which was wound (reversely to the lap of 
wire) a woollen lapping, over which was ^' served " tarred spunyam ; the 
latter process being precisely that of '' parcelling " and ^' serving" ships' 
rigging now, and having for its object the protection of the rope, while 
the lapping of wire was for its form and stability. We find next a 
decided type of rope adopted, corresponding, in fact, with hempen rope 
made '^ on the ground "-^the strands being throughout formed of a great 
number of wires twisted into a spiraL Then followed the method 
patented by Mr. Newall, and which now prevails; answering' to the 
system of the hemp ropemaker's ^^ endless rope machine," as the last 
mentioned does to his method '' on the ground." 

The distinctive features of this plan consist in the use of a core for 
each strand, and the avoidance of all twist to the wires. As a general 
rule, too, the number of strands is six, in distinction to fmur^ and the 
number of wires in each strand sixy in distinction to an indefinite number 
in the preceding method ; but these general rules are not indispensable to 
the system. In ^^ formed " wire ropes, as made prior to Mr. Newall's 
patent, a considerable twist was given to the wires in the process of 
making ; and to modify this evil, many 9qft or annealed wires had to be 
used to make a strand* These ropes were, therefore, inferior in strength 
and endurance of friction : both most essential defects for mining uses. 
When made on the method previously described, the rope was too rigid 
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and non-elastiCy and the '^service " subject to rapid wear. None of these 
objections apply to, the '^ laid" rope made on Mr. Newall's plan, which 
permits of varied modifications in the rope, and consequently is adapted 
for general purposes^ and produces^ as fiur as can be expected, ''a rope 
that is a rope/' with lightness, hardness, degrees of pliabxlity, and per- 
fectness of form. The genero^ use of this method of manufactoie, and 
of the rope made by it, is the best proof of its superiority. 

A similar rope can be, and is, made by a very ingenious machine^ 
different altogether in arrangement firom Mr. Newall^s. It is the inven- 
tion of Mr. Archibald Smith (son of Mr. Andrew Smith, already men- 
tioned at length in relation to the introduction of wire rope). This 
machine, instead of placing the bobbins of wire on a circle, and making 
them revolve round the axis of the machine, places them in horizontal 
line, seven deep, in the centre of an extended frame which revolves round 
them, and carrying their separate wires and core to the laying plate, then 
closes them into the strand (or, as the case may be, the strands into a 
rope). The advantage of this machine is, that it admits of a speed quite 
impracticable where the bobbins revolve with the machine. Mr. Smith's 
machine can be driven to three or even four times the speed (^the ordinary 
machines, and from ten to twelve hundred yards of light strand are turned 
off by it in an hour. It is therefore a favourite for strand-making for 
signal line, and telegraph cable-covering strand. 

Mr. NewalFs original drawing, and [the beautiful working model he 
exhibits, show a ^^ compound" machine, or one which both makes the 
strands and rope by the same operation. In practice, however, this has 
been discarded, as the advantages of accomplishing both operations in one, 
are more than sacrificed by its disadvantages. In spinning the strands 
distinctly, the jointing of the wires, and replenishing of the bobbins, are 
very easy, and delay only the few other bobbins for that strand — while 
the closing of the rope is not subject to any delay whatever from this 
cause. In the compound machine, which is exceedingly complex, the 
jointing and replenishing are not only less readily done, but the delays 
stop on every occasion a great number of bobbins (say 42), and likewise 
suspend the progress of the '^ closing." 

Wire flat ropes were made first, about 1836, of a number of simple, 
slightly-twisted strands, composed of small wires, these strands being 
embraced and formed into a band by what may be described as a weft of 
strong yarns. This weft soon failed at the edges from wear, and this* 
description of rope almost immediately gave place to another which 
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obtains to the present time. In this^ ropei are introduced in place of 
strands, thus admitting of stitching; as the means of their union, and this 
stitching is performed after the method for hempen flat ropes, but requiring 
to be done by hand and with greater care. The ropes are laid flat and held 
closely parallel in a frame, are penetrated from side to side with a strong 
needle opening between the strands of every rope diagonally for the 
passage of a lacing of soft wires, which are then drawn tight, and the 
needle withdrawn, the strands closing upon the stitch. 

The results of the use of wire rope for colliery purposes are important, 
as these ropes are applied where hempen ropes could not be used. In 
some situations the friction precluded the use of the latter ;* while their 
weight and elasticity limited the depths for their employment in drawing 
coal, as a hemp flat rope of great working size soon becomes too 
heavy for its own strength. Independent of restricting, or being disad- 
vantageous in the working of deep pits, the extra weight of hempen 
ropes was always a pecuniary loss, involving, to that extent, an increase 
of engine power, or a diminution in the weight of the mining pro- 
duce lifted. A hempen flat rope of 150 fathoms itself weighed about 
three-fifths its working load, while a wire flat rope weighs only about 
one-third its working load. This advantage is, moreover, accompanied 
by a saving in first cost of above one-half, besides greater durability. The 
rate of working also could not have attained its present proportions with 
hempen ropes. Now we hear of 54 cwts. of coal, on an average, each lift 
coming to bank in six iron tubs and a heavy cage — ^probably having a 
total weight (without the rope itself) of five or six tons, amounting in 
an ordinary day of 12 hours, to 1,200 tons lifted; or 2,000 tons working 
throughout the 24 hours. Wire flat ropes six tons weight are used, while 
a hemp rope, of equivalent strength, could not be worked. 

The adoption of steel, instead of iron, wire was expected to carry these 
advantages still fiirther, the improved steel wire for ropemaking being 
supposed to be equal in strength with charcoal-iron wire of one-half 
greater weight ; and a considerable mining use of steel wire ropes has 
been made ; but the elements of cost and reliance still favour the use 
of charcoal-iron wire ropes. 

As regards shipping, the adoption of wire ropes has been much more 

* At one period the average duration of a pair of hemp round ropes in one of 
the Wallflend ^its, where the shaft was yery destmctiye of the ropes, was six 
weeks, and during the war a single pair of these ropes cost £120, owing to the 
high price of hemp. 
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limited than in minings particularly in* this district where the prejudicet 
of shipowners have been long in yielding. In the case of steamers and 
iron ships^ wire rigging is almost inyariably used ; but in wooden vessels^ 
it is only coming into favour (excepting for particular '^ stays*'). Its use 
is, however^ now very rapidly extending^ and there is an increasing export 
to the shipping and shipbuilding ports abroad. 

It is not only in mining and shipping that wire rope has beoome of 
prominent service. It has brought the ropemaker into connection with 
other undertakings of which no one previously could have thou^t Its 
essential connection with the art of the electrician^ especially in his sar«> 
prising submarine undertakings, makes it of world-wide consequence. 
This district, however, cannot assume more than, what may be termed, a 
personal connection with this application; Mr. Newall having established 
a factory at Birkenhead for that department of his business y with Messrs* 
Glass, Elliott and Co., the other eminent firm engaged in the making of 
electric cables, we have also a personal link^-Mr. Elliott being by birth, 
long residence, and mining relationship, connected with this locality. 

In steam cultivation, also, the ropemaker is introduced into JiMt 
strange to his original art Here the use of wire rope is essential ; but 
for this purpose, specially adapted steel wire is exclusively used (a pair of 
ropes costing about £66), and a large consumption goes on from this 
quarter and elsewhere, principally for Lincolnshire and adjacent counties. 

Besides these applications, we may allude to the new uses which have 
been found for ropes and cordage of wire, in bridge building, fencing (at 
home, and especially in India), signal strands, pit shaft guides (or con- 
ductors for the cage), lightning conductors, window-sash line, picture- 
hanging cord, clothes line, and many domestic uses, where its cheapness, 
lightness, strength, and durability are of peculiar advantage. 

This branch of local industry, therefore, although remote in origin, 
and subject to notable innovations, has not waned; but though, as com- 
pared with former days, it is now much overtopped by the modem and 
more rapid development oi other manufactures which surround it, it still 
shows every token of vitality. In its nature, being but accessory, it will 
probably share the fortunes of its neighbours, the mining and shipping 
interests. It has acquired, however, here a general character such as 
attaches to it in no other locality, and both at home and abroad this 
neighbourhood is now recognised as the centre of wire ropemaking. 
There is no other place which has this specialty ; and the probability is, 
that the chief part of the mining demands throughout the kingdon will 
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continue to be drawn from the district, while there is every probability 
that an increasing export trade will be developed. 

It is not easy to ascertain the present statistics, but the following are 
probably sufficiently approximate. 

TTNE, WEAB, TEES, AND BLYTH. 

ToDfl. YataM. 

Hempen B(^ manafactured annually 8500 ...£ie0»000 

Wire Rope do. do. 4600 ... 170,000 

Total 8000 ^80,000 



APPENDICES. 



No. I.— ABSTRACT OP TWO PAPERS BY J. EVANS AND 
T. WRIGLEY, EsQBS. 

The TiewB expressed in the preyioaa report are, howeyer, seriously doubted by 
many, and the following abstract — ^from two papers read at the meeting of the 
National Association for the Promotion of Social Science at Edinburgh, Oct. 9th, 
1863, by John Eyans, F.S.A., F.G.S., and Thomas Wrigley, Esqrs. ; the former on The 
Manner in which the British Paper Manufacturer is affected by Foreign Legislation, 
and the latter on The Paper Trade, its Position, as affected by British Legislation, 
contrasted with the true Principles of Free Trade— will put the reader in possession 
of the principal facts of the case. 

** The supply of the material for the manufacture produced in this country is 
considerably less than the demand, and this deficiency has, of course, to be supplied 
by importation. The quantity of rags imported into this country being, on the 
ayerage, about 20,000 tons per year. The same state of things exists in America, 
the importations into that country, from England and elsewhere, being about 
dO,000 tons per year. In other countries, howeyer, the reyerse is the case. The 
supply of rags considerably exceeds the demand, and under these circumstances the 
price of rags in England is regulated, on the one hand, by the price for which they 
can be imported from abroad, and on the other, by the price at which they can be 
sold in the United States. 

" In almost eyery country on the Ck>ntinent of Europe, a heayy duty is leyied 
on the exportation of rags, and, consequently, French, Belgian, German, and Dutch 
paper-makers obtain their rags at a considerably less price than the British manu- 
facturer. * 

" These duties yary from iK6 to £9 per ton ; and as it takes 80 to iOcwts. of rags 
for eyeiy ton of paper, the effect of these duties is precisely the same as that of a 
bounty on the exportation of the paper made from them, to the extent of £7 to £14 
per ton, or say from 15 to 80 per cent, on the yalue of the paper, giying the Conti- 
nental an adyantage to this extent oyer the British manufacturer. Up to the period 
when the Treaty of Gonmierce with France came into operation, in 1860, there had 
been, in consideration of the effect of these import duties on rags, a differential duty 
of Id. per lb. in excess of the Excise duty leyied on foreign paper coming to this 
country ; so that, practically, the Foreign and British manufacturer were on equal 
terms so far as the British market was concerned, though the former still had an 
adyantage in exporting paper to our colonies and elsewhere. 

*' This fair and equitable arrangement was abolished in 1860, and foreign paper 
was admitted free of duty, notwithistanding the retention of the export duty on rags 
by foreign goyemments. The effect of this has been, that whilst the price of rags 
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in England not only maintain but advance their price, that of paper has been 
very much reduced, in consequence of the large importations from France and 
Belgium. 

''The imports of paper in 1859 were under 1,000,000 lbs.; in 1862, above 
20,000,000 lbs. ; and the exports of paper from France to this country in the first six 
months of 1863, exceeded those of the whole of the year 1862. There are those who 
defend the present state of things as the legitimate result of the adoption of the 
doctrines of Free Trade. To this it is sufficient to reply, that Free Trade does not 
mean a bounty to the foreigner, for that is the effect of the present arrangement, 
and it makes no difference to the British manufacturer whether this is paid by the 
Gtovemment abroad or at home— the effect is the same ; and were the rag duties 
aboUflhed, and the price of rags the same in this country as elsewhere, the British 
manufacturer could make them into paper as cheap or cheaper than his Continental 
rivals, so that consumers of paper and the public are not benefitted but injured by 
the present arrangement, and the very object of Free Trade is not attained. 

" It is often suggested that the better collection of rags in England, and the 
adoption of substitutes for rags, such as straw, Esparto, &a, will in time remedy this 
state of things, by affording an increased supply of paper-making material. Unfor- 
tunately, it is not the quaMity of rags, but their priee, that affects the manufacturer ; 
and not even the absolute price, but the relative price between rags in this country 
and on the Ck>ntinent. 

"Foreign paper-makers are quite as ready in adopting substitutes for rags as 
Englishmen, and any additional supply of rags is bought by exporters to America, 
who buy in the English market the moment the price falls below that of foreign 
rags, plus the duty ; so that, as it was argued, and rightly, during the agitation for 
the repeal of the import duties on com, that the duty enhanced the price of the 
whole of the com produced in this country, as well as that imported, so it is evident 
that these export duties on rags abroad enhance the price of all rags in England, 
and the demand for export to America keeps up the price of rags here above that on 
the Continent, to the full extent of the duty. 

" The result of this state of things will be the gradual extension of the paper 
trade on the Continent, and its partial extinction in this country by the unfair and 
unjust legislation of 1860, wUese the impart duty is temporarily reimpaedf and its 
ahelition made conditional on the abolition of the rag duties abroad" 

The foregoing is a short abstract of these able and instructive papers. Since 
October, the Government has concluded a treaty of commerce with the Kingdom of 
Italy, in which the export duty on rags is doubled— thus still further damaging the 
position of the British manufacturer. 



No. II.— NOTE ON THE MANUFACTURE OF FRENCH 

ASSIGNAT8. 

The following is an extract from " The Political Life of Sir Bobert Peel,'* by 
Thomas Doubleday, Esq. :— 

" The author having, in a former work (" The Financial History of England,*') 

L L 
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erroneously stated that the paper used for the forgery of the aadgnats was made a€ 
Langley Mill, in the county of Durham (a mistake probably arising from the pro- 
prietor of the mill, where the paper was actually manufactured, having the same 
name as the proprietor of Langley Mill), deems this a proper opportunity for clear- 
ing up this undoubted historical fact, which he is now enabled to do. The circum- 
stances which led to this result are these :— Being, during the spring of 1852, in the 
course of a fishing expedition, at the house of Christopher Colbeck, Esq., of Walwick 
Grange, on the North r7ne, and the fabrication of the French assignats having been 
accidentally alluded to, Mr. Colbeck assured me that the paper for that purpose was 
unquestionably made at Haughton paper-mill, on the North Tyne, on the estate of a 
neighbour of his own, William Smith, Esq., of Haughton Castle. Mr. Colbeck 
further kindly proposed to introduce me to the acquaintance of Mr. Smith, who 
would, he was sure, readily afford me full proof of the facts of this curious transac- 
tion. To this proposal I, of course, readily acceded, and towards the end of April, 
having again become a visitor at Walwick Grange, I found that Mr. Colbeck had 
arranged with Mr. Smith that we should spend a day at Haughton Castle, which we 
accordingly did. From the kindness of Mr. Smith, I obtained evidence of the whole 
circumstances, which precludes all further doubt upon the .subject. The substance 
of Mr. Smith's narrative was this :— Towards the end of the American War, and 
during his father's lifetime, one of the farms of the estate of Haughton Castle was 
held by a farmer named Magnay, a married man, with more than one son. In due 
time, one of the young Magnays found his way to London in search of fortune ; and 
being probably favoured by the partners in the paper-mill, of whom the then owner 
of the estate was one, he became a wholesale stationer, and being steady, clever, and 
active, he soon rose to eminence as a stationer, and became an alderman of the city 
of London. 

** From Alderman Magnay, some time after the declaration of war with France 
in 1798, came the order for the paper to be used in the fabrication of assignats. 
Having passed some years of his earlier life on this secluded spot, he must have 
known its fitness for a purpose where publicity was not desirable ; and hence the 
transmission of the order to a concern in which his father's landlord was a partner. 
For a transaction of secrecy no situation can exceed that of Haughton paper-mill, 
which is placed beneath the eminence on which this beautiful old border fortress 
stands, far distant from any other habitation, with no town nearer than Hexham, 
which is many miles distant, and surrounded by country where all the wildness of 
the border still exists to a great extent. That the purpose for which the paper was 
wanted was fully understood by the partners, Mr. Smith assured me. Indeed, the 
mould in which the paper was made, and which he showed us, leaves little room for 
doubt. It is calculated to manufacture a small oblong sheet, each of which made 
four assignats. Mr. Smith obligingly gave me some paper, made from it, to exhibit 
the water-marks, which prove the purpose. The date of 1790 appears on each com- 
partment, and at the left end of each note is a sort of ornamental flourish, resembling 
those we sometimes see imprinted on bank notes. Mr. Smith's belief is, that the 
plates were struck off in London, although he distinctly remembers seeing several 
of the fabricated assignats (probably sent down as curiosities by Alderman Magnay) 
in his late f ather*8 possession ; and I have been further assured by Mr. John Bell, 
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Und-snireyor, of Kewcartle, who knew the late Mr. Smith, that he obtained from 
that gentleman more than one of the fictitioas aisignate, which he afterwards parted 
with at the solicitation of yarions friends. There cannot, therefore, remain anj 
reasonable donbt as to this curious matter of historj. Lvkyn, the defendant in the 
action, was some obscure stationer, probably, employed by Mr. Magnay to obtain 
the plates, strike off the fictitious assignats, and manage the details of the affair." 



ON THE 



TANNING TKADE OF NEWCASTLE & GATESHEAD. 



Thb latb T. C. ANOUf 



OHTHX 



TANNINa TRADE OP NEWCASTLE & GATESHEAD. 



Thb following^ is the most correct account I have been able to obtain 
respecting the Tanning Trade of Newcastle and Gateshead. Some of the 
persons engaged in the trade have an objection to supply information ; 
but I believe the figures appended to the paper will pretty nearly repre- 
sent the actual transactions in this branch of local trade. 

At present we have only nine tanyards in operation in Newcastle, 
four of some magnitude, the remainder small ones. Thirty years ago, 
Newcastle was styled the leather metropolis of the north, and buyers 
came from all parts to purchase. Public fairs were held twice a year, 
and supplies sent in from all parts of the country by small tanners, who 
generally had a few pits in a piece of open ground, and about two or 
three acres of grass land to fill up vacant time, and on these they 
managed to get wealthy.*^ 

The character of the tanning trade in Newcastle has considerably 
changed of late years. The goods most in favour formerly were dry 
Russian hides, imported into this port at a cost of from 7id. to 8d. per 
pound. These were anxiously bought up by the tanners, and the price 
realized left them 25 per cent, for manufacture. This trade continued 
for some time, but Yorkshire enterprize discovered it, and at Leeds most 
extensive yards, fitted with every known improvement, were laid 
down. In this way the Leeds tanners succeeded in securing the trade 
almost exclusively to themselves ; one tanner there alone producing as 
many tanned hides in one week as all the Newcastle tanners could in one 
month. Thus, gradually, by improvements and perseverance, they, lo a 
great extent, obtained the bulk of this portion of the trade. Owing to 
the great demand for these Russian hides, and the home consumption 

* A dngalar mode of remitting the proceeds of his leather at Newcastle fair, 
in 1810, was adopted by a Lancashireman. The amonnt (£200) was pat into the old 
sheets which had coyered his leather. He dare not carry it, nor dare he trust any 
banker with its remittance, bat it arrived safe by carriers' wagons after several days' 
joarney. We are in advance of this in these days. 
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increasing at the same time, prices in Russia ran np to 13<L and 14d. per 
pound, and thus nearly cut off the importation. At these prices the hides 
yet continue, and they are now scarcely worth the tanner's notice. The 
substitute has been East India hides ; but here again, the Leeds men 
have taken the lead, surpassing us in the rapidity of manufacture and 
cheapness of production, and obtaining the greatest portion of the trade 
to themselves. Newcastle can boast of being at the head of the trade 
in the manufacture of seal skins, calf skins, and sheep skins ; and it is 
gratifying to find that although one branch of our trade has changed 
hands, another, and one perhaps as profitable, has come in its place. A 
consumption of 163,000 seal nkins, 62,124 calfskins, and 46,452 sheep 
skins, in one year, shows that the spirit of leather manufacture has not 
yet left Newcastle. In the production of this kind of goods T believe 
our tanners cannot be excelled. 

The products of leather in Newcastle are a mere item in the consump- 
tion. We have to resort to Bristol, London, Liverpool, &c., Ac., for our 
great supplies. In these places so much attention has been devoted to 
produce work by the use of other tanning material than oak bark as to 
give them a great advantage over Newcastle, enabling them to supply 
goods thoroughly in accordance with the requirements of this north 
country trade. 

On the whole, I think the tanning trade of Newcastle is in a healthy 
condition, but few improvements or efforts to increase it have of late been 
made. One remarkable circumstance should be noted in conclusion. A 
few years ago we used to import a lai^ portion of raw hides from 
Denmark, Holland, and Grermany ; now the tables have turned, and we 
are weekly sending there raw hides from Ireland, for which they will 
give a higher price than we can afford for manufacture here. Tbe 
Hollanders and Norwegians, who used to wear wooden soles, will now 
have leather boots and shoes, which greatly increases our export of 
leather. 

The following are the statistics of the tanning trade in Newcastle- 
upon-Tyne and Grateshead, for the year 1862 : — 

Quantities and Yalub of Takkino Materials. 

Toai. < t. d. 

Bark 1780 9,763 

Valonia 164 2,202 

Gambler 50i 980 



Carried forward ... 1984i 12,986 







273 












Tout. 




f 


s. 


d. 


BTougbt forward .»^ 


19841 . 




12,935 








Bivi diyi 


55 . 




772 








Shnmac 


.. 


314 . 




4,815 










.. 


— . 




324 








Oik (cod and liineed) .., 


.. 


. 118 . 




5,810 








Tallow 


,. 


— . 




100 








Dyes ..« 


.. 


— . 




800 








Striping materials 


... 


— . 




100 








£ggs ... .«• ••< 


.. 


— . 




600 








Alum and soda 


• •* 


• ■"■ ...«•« 


200 








Bogs* manure 


.• 


, , 


..*•« 


280 



















— £25,736 


KuvBEB, Weight, and Valuk oi» Raw Biota and 


SKnra. 


Mo. 


Ton*. 




« 


p. 


d. 


Butcher hides ... 38,020 


... 713 


... 


24,908 








Calfskina 62,124 


... 84 


... 


9,820 








Sheep skins 46,458 


... — 


... 


2,822 








Seal skina 163,000 


... 873 


... 


40,750 


















_. 


— £77,300 



YALUB or THE ABOVB WBBK MANUFAOTUBBIX 
Butcher hides £47,500 



Calfskins 
Sheep skins 
Sealskins 



16,373 

3,871 

67,915 



£103,036 



-£135,659 
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ON 



THE CONSTRUCTION OF IRON SHIPS, &c. 



The paper which I have the honour to bring under your notice is 
limited to a brief explanation of the general principle upon which iron 
ships are constructed^ and a short statement respecting the progress of 
Iron Shipbuilding on the Tyne, Wear^ and Tees. 

The art of constructing ships dates from remote antiquity, and we 
find in history, sacred and profane, many particulars of the ships in use 
in ancient times. As civilization advanced, and the science of navigation 
became better understood, ships increased in size, strong^, capacity, and 
speed. Year after year brought its improvements, century after century 
its changes, until the art of shipbuilding in wood approached perfection, 
and the rude coracles and row galleys of our fore&tbers had given place 
to the clipper ship, with its fine lines, tapering masts, and flowing canvas — 
the merchantman driven by steam at a high speed across the ocean, and 
the three-decked, steam-propelled man-of-war. Then a demand arose 
for vessels of a still higher character — merchantmen possessing still 
greater speed, men-of-war sufficientiy powerful to resist the destructive 
shot and shell which the genius of men, like our firiend and townsman, 
the President of the Association, was inventing. With wood as the 
material to be employed, this demand could not be met ; but human skill 
was equal to the emergency. The important discovery was made that 
'^ ships built of iron float lighter, strength for strength, than ships built 
of wood ;" and, although for many years the prejudices of some men, 
and the interests of others, prevented the general adoption of the principle, 
it eventually triumphed, and now iron is rapidly superseding wood as a 
material of which ships are constructed. 

The principal advantages that are claimed for ships of iron, as com- 
pared with vessels of timber, are briefly these. 

In vessels of 1000 toss the iron ship will weigh 35 per cent, less than 
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the timber vessel, tlie displacement of water being the same. The iron 
ship will, therefore, carry more weight, and as the sides are only about 
one-half of the thickness, there will, consequently, be more space for 
cargo. The additional strength obtainable, too, allows iron ships to be 
built much longer and with finer lines, thus ensuring higher sailing or 
steaming qualities, with greater carrying power, and therefore, greater 
commercial results. In wooden vessels repairs of ruinous extent are 
frequently required, while the repairs in iron ships are generally of a 
lighter character, and are only needed at long intervals. An iron ship is 
not liable to strain in a heavy sea, whereas the straining of a timber 
vessel often damages a valuable cargo. The bilges of an iron ship can 
be kept clean and free from the disease-engendering bilge^water which 
is always found in a wooden ship. Moreover, the use of iron masts, steel 
yards, and wire rigging, effects a very large saving of weight, and affords 
the greatest facilities for the application of patent reefing sails and other 
appliances, by which economy of labour is attained, and many risks of 
loss of human life avoided. 

As to the form of building iron ships, and the manner of combining 
the iron so as to obtain the requisite amount pf strength with the least 
amount of material, much difference of opinion exists among practical 
men. The angle iron frame and plating of the iron vessel take respec- 
tively the places of the timbers and planking of the wooden ship ; and it 
has been found by experience that plating one-eight of an inch thick is 
equivalent in effect to planking of oak one inch thick, whilst plating 
ll-16ths of an inch thick is equal to planking of oak five inches thick. 
As in the largest American wooden vessels, the plank is seldom more 
than five inches thick ; so it may be argued on the above data that the 
plating of the largest iron ship need not be more than ll-16ths thick } 
and that any strength required above that which such plating would give 
should be obtained by means of framework. Many practical men, how- 
ever, advocate the system of light framework, and, in order to obtain the 
measure of strength necessary, the application of thicker plates. That 
the principle of strong framing and plating of moderate thickness is most 
advantageous, may be shown by many facts other than thpse which are 
derived from the most modern practice of wood shipbuilding. The 
strength of an iron ship, as in a girder, depends on its capability to resist 
the buckling and tensile strains that it is called on to bear. But! believe 
that we have, in reality, only to make a ship strong enough to resist the 
buckling strain^ and^I am led to this conclusion by experiments conducted 
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for that celebrated work, the Britannia Bridge, which proved that, in 
constructions of wrought iron, the resistance to the tensile strain is much 
greater than the resistance to buckle, and, in consequence, the upper 
parts of the girders are made much stronger than the lower pBits, We 
have, in my opinion, to make the parts of an iron ship, in principle, like 
a girder. A girder, however, is at rest, but the strains are always in 
some known direction ; but in a ship whose position is ever varying, it 
requires to be so constructed as to resist the strains in such varied positions. 
If the side of a ship could remain, as in a girder, constantly vertical, then 
the advocates for the thick plates and small frames might be able to show 
that their system was the most economical way to obtain the requisite 
strength, but as such side if laid over, as it is in a ship at sea, would 
without support, bend or buckle of its own weight, it is evident that the 
framing is absolutely necessary to keep the plating firm in position, and 
consequently the strength of the ship depends in a very great degree on 
the strength of the framing. Another fact that shows the economy of 
strong fi»ames, is that a plate, with a piece of angle iron attached to its 
edge, would bear much more before buckling than a similar plate increased 
in thickness so os to weigh the same as the plate and angle iron. But 
the great and most important argument in favour of moderately thick 
plates and strong framing is, that all the work must be put together by 
hand ; for though many attempts have been made to rivet ships by 
machinery, none seem yet to have been successful even in a mechanical 
point of view. So soon, therefore, as the thickness of plates and the size 
of the rivets pass the point at which the workmen with ordinary exertion 
can accomplish good work, then the attachment of the parts by means of 
rivetting is subject to the risks of imperfect workmanship. It is, there- 
fore, my opinion, both in a practical and theoretical point of view, that 
we ought not to use plating in any vessel, however large, more than about 
three-fourths of an inch thick. 

In the early period of iron shipbuilding, the frames were generally 
composed of simple bars of angle iron but they are now usually doubled 
by a reverse bar, which is rivetted on the principal bar, so as to make a 
frame, whose cross section is like the letter Z, and this form is perhaps 
as strong as any that could with economy be obtained. In some large 
ships plates of iron on edge were placed between the angle irons, so as to 
enlarge the section. The frame thus formed required longitudinal sup- 
ports to bind it together, and those all important strengthening pieces, 
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called stringers^ box and other keelsons were introduced. The great 
advantage of these appliances is that they may be placed exactly where the 
ship requires support, and that, too, with the least possible amount of 
iron. As to the application of these stringers and keelsons, the ship- 
builder must be guided by the form, proportions, and other circumstances 
connected with the construction of the ship. 

To show how &r this system of longitudinal framing may be carried 
with success, I may point to the ship ^^ Richard Cobden," designed by 
Mr. Guppy (known in connection with the construction of the "Great 
Britain ''), in 1844. This vessel was framed so as to leave rectangular 
spaces to be covered with the outside plating ; these spaces were 2^ feet 
vertically, and 5 and 6 feet horizontally, and in no part of this highly 
successful construction were the plates more than gths thick. 

As to the rivetting, which is of the utmost importt^ce in shipbuilding 
I shall say a few words. In making boilers, single rivetting is usually 
adopted, but there the strain is constantly in one direction. In ships, 
the direction of this strain is changeable as the vessel moves, therefore 
double, and in some cases triple, rivetting has been uaed with great advan- 
tage. 

Mr. Fairbairn estimates that the tensile effect of single rivetting is 
represented by 56, double rivetting by 70, and triple rivetting by 90, 
and these proportions wotdd appear to hold good, whether in chain or 
zigzag rivetting. The former, however, has been shown by experiment 
to have an advantage over the latter of about 20. per cent, in the tensile 
strain. 

In concluding this necessarily brief account of tibe general principle 
on which iron ships are constructed, I may mention that the only ob- 
jections that can reasonably be urged against ships made of this material 
are, that the compasses are difficult of adjustment, and that the bottoms 
get foul. Let us, however, hope that science, in the promotion of which 
the British Association is so powerful an agent, may in a short time show 
us how both these difficulties may be overcome. 

I now proceed to what is perhaps the more interesting division of this 
paper, viz , a sketch of the progress of Iron Shipbuilding on the Tyne, 
Wear, and Tees. 

For a very long period the district of the Tyne, Wear, and Tees, has 
been famous for its shipping. A committee of the House of Commons, 
that sat so far back as the year 1642, designated Newcastle as ^' the 
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nursery for shipping," and Defoe, writing of the Tyne in 1727, states 
that ^' they build ships here to perfection — I mean as to strength and 
firmness, and to bear the sea." 

The history of iron shipbuilding in this district does not commence, 
however, until the year 1840. In March of that year, the "John 
Garrow," of Liverpool, a vessel of 800 tons burthen, the first iron ship 
seen in these rivers, arrived at Shields, and caused cbnsiderable excite- 
ment. A shipbuilding firm at Walker commenced to use the new material 
almost immediately, and, on the 28rd of September, 1842, the iron steamer 
" Prince Albert " glided from Walker slipway into the waters of the Tpie. 

During the next eight or ten years very little progress was made. 
The vessels mostly in demand were colliers, and no one thought of 
applying iron in their construction. But, about the year 1850, the 
carriage of coal by railway began seriously to affect the sale of north 
country coal in the London market, and it became essential, in the interest 
of the coalowners and others, to devise some means of conveying the 
staple produce of this district to London in an expeditious, regular, and, 
at the same time, economical manner. To accomplish this object, I caused 
an iron screw steamer to be designed in such a manner as to secure the 
greatest possible capacity, with engines only sufficiently powerful to 
insure her making her voyages with regularity. This vessel (the "John 
Bowes "), the first screw collier, was built to carry 650 tons, and to steam 
about nine miles an hour. To the success of this experiment may be 
attributable, in a great measure, the present important development of 
iron shipbuilding in this district, and the fact that we continue to supply 
so largely the London market with coals. On her first voyage, the 
" John Bowes " was laden with 650 tons of coals in 4 hours ; in 48 hours 
she arrived in London ; in 24 hours she discharged ^er cargo ; and, in 
48 hours more she was again in the Tyne ; so that, in five days, she 
performed successfully an amount of work that would have taken two 
average-sized sailing colliers upwards of a month to accomplish. 

The amount of prejudice with which nautical men, and persons 
engaged in the shipping and coal trades, opposed the introduction of 
screw colliers was great. They argued that it would be impossible for 
steamers carrying 650 tons of coals, and costing about £10,000, to 
compete with vessels that consumed no fuel, and which, though carrying 
only half the quantity, cost little more than £1000, or only^ne-tenth 
the amount. I was, however, confident of the result, and persisted in 
the development of the system. How far my views have proved correct 
will be borne out by the following table, which shows the number of 
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cargoes and tons of coals imported into London by screw steamers in 
each year^ from July 81^ 1852 (the date of entry of the first screw 
steamer, " John Bowes "), to June 30, 1863. 



Ymt. 


Carsoei. 




ToniL 


1852 


17 




9,483 


1868 


123 


•• »> 


69,934 


1864 


846 


•• »> 


199,974 


1856 Oimean War ... 


174 


•• » 


86,684 


1866 


413 


•• » 


238,697 


J867 


977 


n 


647,099 


1868 


1127 


» 


699,627 


1859 Italian War ... 


899 


M 


544,614 


1860 


1069 . 


•• }t 


672,476 


1861 


1299 


l> 


851,991 


1862 


1427 


n 


929,826 


1868 Half-year ending June, 714 


»» 


463,609 



6,212,713 

By this table it is seen that a total quantity of 5,212,713 tons of 
coals haye been imported into London, by screw colliers, and, in addition 
to this, large and* increasing quantities have been taken to other ports 
both in this country and abroad. Since its first introduction, too, the 
screw collier has bean greatly improved, and the facilities for loading and 
discharging very largely augmented. The screw coUier, " James Dixon," 
frequently receives 1,200 tons of coals in 4 hours, makes her passage to 
Londcm in 32 hours, there — by means of the hydraulic machinery which 
our President invented, amongst the other inventions which distinguish 
his name — discharges her cargo in 10 hours, returns in 32 hours, and 
thus completes her voyage in 76 hours. The ^' James Dixon " made 67 
voyages to London in one year, and in that year delivered 62,842 tons of 
coals, and this with a crew of only 21 persons. To accomplish this work 
on the old system, with sailing colliers, would have required 16 ships, 
and 144 hands to man them. 

One of the great difficulties we had to encounter in perfecting these 
vessels was in the ballasting. To dispense with the necessity of shipping 
shingle or chalk as ballast, many costly experiments were tried, and at 
length, by a system of double bottoms, the construction of which adds to 
the strength of the ships, the ballasting of the vessels with water was 
brought t9 a highly satisfactory result The water is allowed to run 
into the spaces between the two shells, as the vessels pass down the 
Thames; when the spaces are full the cocks are closed, and so remain 
until the arrival in the T^ne, when the water is pumped out by means of 
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an apparatus provided for the purpose. This system allows the vessel to 
be ballasted without loss of time at either end of her voyage, and does 
not impair in the slightest degree her power of carrying coals. The 
introduction of the screw collier has revolutionized the coal-carrying 
trade, and has had a most beneficial effect upon commerce generally. 
Besides accomplishing the purpose for which it was designed, this class 
of vessel has been proved capable of rendering very important services to 
the Royal Navy. When, in the latter part of the year 1854, information 
reached this country that the commissariat department of our army in 
the Crimea had broken down, and that the salvation of our troops 
depended upon a rapid despatch of supplies, it was found that screw 
colliers were admirably adapted for the work, and the majority of them 
were temporarily taken out of the coal trade and employed in the trans- 
port service. The Government admitted, on that occasion, that screw 
colliers had proved to be more useful and economical than any other class 
of vessels they had employed. 

In the year following the launch of the '^John Bowes/' namely, in 
1853, the first iron vessel built on the Wear, was released from its blocks. 
The Tees followed the example with great energy and considerable suc- 
cess, and on both these rivers, as we shall see presently, a very consider*' 
able trade in iron shipbuilding is carried on. 

The first iron vessel, for war purposes, constructed in this district, 
was ^' The Terror," one of the large iron-cased floating batteries designed 
during the Russian War, to operate against Gronstadt. This vessel, of 
SOOO tons, 250-horse power, carrying 26 sixty-eight pounder guns, was ' 
built in three-and-a-half months, and she would have been completed in 
three months, had not the declaration of peace slackened the enei^es of 
our men, which, up to that time, had been maintained so nobly by their 
patriotic feelings. 

It was in the building of this vessel that rolled armour plates were 
first used. The demand for forged armour plates was so great that the 
forges of the kingdom could not supply it, and recourse to rolling was 
unavoidable. At that time the largest plate mill was at Parkgate, and 
we accordingly employed Messrs. Beale and Co., the owners of Parkgate 
Works, to roll the plates we required. To the use of these rolled plates 
however, the Admiralty opposed itself; but we feeling convinced, by 
experiments which we made, that the rolled armour plates were, at least, 
equal to the forged, invited the Admiralty to a trial of their efficiency. 

We built a target nine feet square, on a plan which we thought might 
be advantageously adopted for large vessels of war, and on the cellular 
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principle. The cells we filled with compressed cottoo; which we had 
found by experiment to be very effectual in stopping shot On this 
target was a thin teak backing; on the teak were bolted one hammered 
and two rolled plates. The target was bolted on to the side of an old 
wooden frigate at Portsmouth^ under the direction of Captain Hewlett 
The first shot fired at it missed the target, went through both sides of 
the frigate^ and^ to my great astonishment^ skimmed over the surface of 
the water for nearly a mile. The firing showed that whilst the hammered 
plate split and cracked to pieces, the rolled plates were not broken, only 
indented, and were superior to the hammered plate in every respect 
Unfortunately, the target was not firmly bolted to the vessel, and it 
sprung at each shot, so that the bolts which held the armour plates were 
broken, and they fell into the sea. 

A shot was then tried to test the resisting power of the compressed 
cotton, and it appeared to answer so well that Captain Hewlett advised 
a series of experiments to be tried. The Admiralty were willing, but 
required us to provide the targets at our own expense. Having already 
spent upwards of £1000 on experiments for the good of the country, we 
declined this proposal; nevertheless, we had proved to the Admiralty 
this important fact, that the rolled plates were superior to the forged, and 
they have since been universally adopted. We claim, therefore, for this 
district the honour of being the first to prove the strength and utility of 
rolled armour plates, since known and spoken of in Parliament as 
" Palmer's RoUed Plates." 

While on this subject of armour plates, I may, perhaps, be allowed, 
as the builder of the iron-plated fiigate ^'Defence," to make a slight 
digression in order to express an opinion upon the class of marine archi- 
tecture to which that vessel belongs. The " Defence," although in every 
respect a strong ship, does not combine all the strength which, with 
the same weight of material, might have been obtained ; and with respect 
to her model, it is my opinion that if she had had less rise, and more 
floor, and so had drawn less water, she would have steamed faster, 
answered the helm quicker, and have proved in all respects more manage- 
able and convenient The Admiralty authorities, I know, do not agree in 
this view, and they are, at the present moment, spending a large amount 
of money in the national dockyards, for the express purpose of building 
a class of vessels similar in construction to the ^^ Defence." In my 
opinion, it is, to say the least, very questionable policy for the Admiralty 
to speculate in this kind of shipbuilding. Private builders exerted 
themselves greatly in the production of armour-plated frigates for the 
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GoYernment. These vessels were produced in much less time than 
would have been consumed in the Naval Dockyard, and in the matter of 
cost the difFerence must be greadj in favour of vessels built by contract. 
It is surprising to see the tenacity with which the Admiralty cling to 
wooden ships, notwithstanding the most overwhelming proo& that it is 
time to adopt iron exclusively. 

It was my desire to iumish the Association with accurate statistical 
details of the iron shipbuilding trade of these northern rivers, showing 
the quantity of iron consumed, the number of men directly employed, and 
the amount of tonnage launched per aniRim. But, unfortunately, my 
neighbours here, and on the Wear and Tees, with a few exceptions, were 
too much engaged to supply me with the statistics of their respective 
establishments. I have, therefore, estimated the several totals from such 
materials, aided by personal knowledge and experience, as I was able to 
obtain, and the following statement will, I think; be a pretty close 
approximation to accuracy : — 

Tons. 

Estimated amount of tonnage of iron ships launched 

on the Tyne during the year 1862 82,176 

Ditto, on the Wear 15,608 

Ditto, on the Tees 9,660 

67,443 
The number of men annually employed in producing this quantity of 
tonnage, exclusive of those engaged in the manufacture of engines, was 

Uen. 

On the Tyne 4,060 

On the Wear 2,600 

On the Tees 1,560 

Total 8,110 ^ 

The quantity of iron consumed during the same period, in the con- 
struction of iron ships, was, 

ToJii. 

On the Tyne 22,640 

On the Wear 9,360 

On the Tees 6,760 

Total 38,660 

The amount of iron tonnage at present on the stocks in this district 
is as follows : — 

Tone. 

On the Tyne 33,000 

On the Wear 19,000 

On the Tees 10,600 

Total 62,600 
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But these statistics show us only the labour that is directly employed 
in the production of iron ships, and that, as we all know, is but a small 
proportion of the whole. It would, indeed, be difficult accurately to 
estimate the amount of labour that is indirectly concerned in thiQ trade, 
as for instance in the manufacture of iron, the production of coals, the 
importation of timber, the construction of engines, and the supply of 
anchors, chains, sails, (fee. Enough has been said, however, to prove that 
iron shipbuilding is one of the most important branches of industry in 
this great commercial and manufecturing district. 

I may, perhaps, be allowed to describe very briefly, the operations of 
my own firm, which, I trust, will prove of some interest, as showing the 
extent to which one establishment may be developed. In the first place, 
we obtain the greater portion of our ironstone from our own mines. At 
a point on the coast, 10 miles north of Whitby, the ironstone seams crop 
out in the sides of the clifls, and here we have formed the small harbour 
of Port Mulgrave, where vessels can ride in safety, and ship their cargoes 
with ease and expedition. Between the Tyne and Port Mulgrave, some 
of our steamers run direct, making on the average four voyages per week, 
whilst others of a larger class call to load stone on their return voyage 
from London. At Jarrow, the ore is delivered to the furnaces by means 
of the Armstrong hydraulic cranes, and mixed with ores from Cumber- 
land, Devonshire, and Lincolnshire, thence it is passed to the mills, 
and from the mills to the ship-yards. The number of men employed 
in these operations is upwards of 3,500. The number of tons of iron con- 
sumed per annum in our yards and engine works is about 18,000 tons. 
The amount of tonnage launched during the year ending the 1st August 
was 22,000 tons. We have 16,000 tons in course of construction, and 
orders spread over a period for 40,000 tons more. Amongst these latter 
are steamers of upwards of 3,400 tons burthen, pronounced by their 
owners to be ^' the finest and most complete merchant steamers ever 
built.'' They are intended to bring cotton from the Southern States of 
America, so soon as the unhappy war in that country shall cease, and 
they will no doubt be but the pioneers of others of a similar class. One 
of these steamers is of sufficient capacity to carry 7,000 bales of cotton, 
and it is estimated that, during one year, she will bring from New Orleans 
to Liverpool 38,000 bales. The crew of such a vessel consists of sixty 
hands, and it would require five sailing vessels of 1,200 tons each, em- 
ploying 130 seamen, to do the same work. 

A consideration of the future of the iron shipbuilding trade opens out 
a vast field for speculation -, but the ultimate result is not difficult to 
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anticipate. We have seen with what success sailing vessels have been 
superseded by steamers in the coasting and coal trades, and we know 
that magnificent fleets of steamers, engaged in the postal and other 
services, are ploughing almost every known sea. As commerce increases, 
there will be few trades in which the employment of iron steamers will 
not be found of advantage. Most of the carrying trade to the Baltic 
and Mediterranean is already conducted in vessels of that class, and the 
sailing ships that cross the North Atlantic are being rapidly displaced by 
iron steamers. Their advantages in strength, speed, and capacity, are so 
marked, that sailing vessels of timber must give way before them. Even 
the Admiralty, cautious and unyielding though it be, will have to abandon 
its '^ wooden walls " in favour of the stronger and more useful material ; 
a material, too, that lies in rich profusion beneath our feet, and has not, 
like timber, to be purchased of other nations. The commercial men of 
this country have set the Admiralty a signal example of industry and 
enterprise. It is they who have made the experiments, and adopted the 
inventions that have established the maritime supremacy of this country; 
and it is owing to their ener^ that we find on every sea, in the shallow 
rivers of the east, and the deep broad waters of the west, English-built 
ships of commerce diffusiug the benefits of free trade, and linking nations 
and tribes together in the bonds of amity and peace. The true source 
of our national greatness is to be sought in this wonderful development 
of our merchant navy. Other nations are enteriug into friendly rivalry 
with us, but the larger share of the carrying trade of the world will ever 
be secured to that country that can produce vessels combining the largest 
capacity with the utmost amount of economy and expedition in construc- 
tion, and that can, at the same time, navigate those vessels with the 
greatest degree of skill and rapidity. 

In conclusion, permit me to express the proud conviction I entertain 
that the mineral wealth of this district, and the skill and endurance of 
its workmen, whether on land or sea, will enable the locality that gave 
birth to an Armstrong and a Stephenson to maintain its character for 
maritime industry and enterprise, and to bear its full share in promoting 
the commercial greatness of the country. 



APPENDIX. 



IRON SHIPBUILDING. 

When the foregoing paper was written, the statifitics relating to iron shipbaild- 
iiig on the three rivers were confined to the year 1862, bat were sufficient to show 
the important position this trade occupies in the manufactures of the district, and 
how rapid had been its advancement. During the present year 1863, however, the 
increase in this particular branch of local industry has far exceeded the most 
eanguine expectations, as the following figures will testify : — 

Ajioukt of ToinrAaE of Ibon Ships Launched Dusma the teab 1863, as 

OOMPABED WITH 1862. 

1888. 1808. 

Onthel^e 61^36 ... 32,176 

On the Wear 25,000 ... 16,608 

On the Tees 16,060 ... 9,660 



91,296 67,443 
Estimated Value of the above. 

1808. 1808. 

OntheTyne £922,248 ... £646,975 

On the Wear 460,000 ... 266,336 

On the Tees 271,080 ... 164,220 



'^. 


Tons. 


32,170 .. 


22,640 


16,697 


9,360 


10,639 


6,760 



£1,643,328 £976,681 

Quantity of Ibon Consuhed in the Constbuction op Ibon Ships dubinq 
the yeabs 1863 and 1862. 

On the Tyne 

On the Wear 

On the Tees 

68,406 38,660 

These figures show an aggregate tonnage of 91,296 tons, making a total value 
of £1,643,328, exclusive of the engines ; and a total of 68,406 tons of iron consumed 
last year in iron shipbuilding on the three northern rivers. They show, moreover, 
that, with the single exception of the coal trade, iron shipbuilding is the most 
important branch of industry in this great commercial and manufacturing district. 

Iheeniber 31ff, 1863. 
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THE ENGINEERING MANUFACTURES. 



TfiE north-eastern districts of the United Kingdom^ long preeminent for 
mining operations in coal^ and more latterly in ironstone^ have also been 
gradually rising in importance as the seat of most extensive engineering 
manufactories. 

The unlimited supply of coal^ an intelligent, hardworking, and enter- 
prising population, together with the engineering necessities of such a 
large mining district, and convenient seaports, have combined to create 
an increasing demand for all classes of engineering manufactures. 

As early as the year 1747, the Gateshead Iron Works were com- 
menced, and the present proprietors, Messrs. Hawks, Crawshay, and 
Co., have now one of the largest engineering establishments on the Tyne. 

In 1793, millwright work was undertaken at Chester-le-Street, paper, 
lead, corn, and other mills being constructed and supplied to all parts of 
England, Scotland, Ireland, and abroad ; in 1826, a large foundry busi- 
ness was added. 

In 1809, the Walker Iron Works, owned by Messrs. Losh, Wilson, 
and Bell, were commenced, and, as in the two establishments previously 
mentioned, the variety and extent of engineering work rapidly increased, 
as the demand arose for an improved class of machinery and motive 
power. 

Mr. Losh, the late senior partner of the firm, is well known in con- 
nection with the introduction of wrought iron railway wheels — an 
improvement that has materially tended to perfect the efficiency of the 
rolling stock The manufacture of Losh's patent wheels was at one 
time a very important branch of the Walker Iron Works. 

It may be interesting to notice, at the early date of 1784, the erection 
on the Tyne of one of Watt's steam engines for the owners of Walker 
Colliery, by Boulton and Watt. Mr. Losh purchased this engine in 
1805, for the Walker Alkali Company, and it may yet be seen working 
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daily at Walker, with its wooden beam and bed plate^ and sun and 
planet crank motion. 

In 1817^ Mr. Robert Hawthorn, the present senior partner of Messrs. 
R. and W. Hawthorn, established the Forth Bank Engine Works, 
receiving as a partner his brother William, in 1820. The increase from 
eight men in 1817 to nearly 1000 in 1863, indicates very forcibly the 
progression of this well known establishment (See Table B.) 

In 1830, Mr. T. D. Marshall, of South Shields, commenced the 
building of steam^tugs, and fitting them with machinery. 

In 1838, the Hartlepool Iron Works were established by Messrs. 
Thomas Richardson and Sons. These waAs are now of considerable 
magnitude. 

In 1844y the Tees Engine Works, now owned by Oilkes, Wilson, and 
Co., were established for the manufiicture of large iron bridges, and 
similar constructions, locomotives, marine and stationary steam engines, 
and £mndry work. 

In 1847, the Elswick Engine Works were commenced with about 200 
men, and although then only engaged in the manuiacture of hydraulic 
and general machinery, there has been a later period (1858), when, 
with the manufacture of the Armstrong gnns^ the number of hands 
employed has amounted to upwards of 4000. 

In 1347, Mr. Renoldson, of South Shields, established shops lor the 
construction of engines and boilers for tug steamboats. 

As the increasing commercial interests of this country^ and the 
improvements matured in steam power, gave a fresh impetus to engi- 
neering manufactures, the undoubted advantages and fiicilities of this 
district were appreciated and availed of by Messrs. Palmer Brothers, in 
1852; Messrs. Morrison and Co., in 1853; Messrs. Thompson, in 1856; 
and Mr. David Joy, of Middlesbro', in 1862. 

In referring briefly to the progress and present condition of the engi- 
neering manufactures of the Tyne and neighbouring districts, it will be 
necessary to classify them under the following head»: — 

1. — General machine and mill work. 

2.-~Stationary and steam engineering. 

3. — Locomotives. 

4. — Marine engineering. 

5. — Hydraulic machinery. 

6. — Iron bridges, viaducts, lighthouses, Ste. 
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1,— GEKBRAL MACHINE AND MILL WORK. 
Dariiig the past 116 yettrs, the following* firms have oontribnted 
largely to the supply of first-class machine and mill wOrk of all descrip- 
tions: — 

Messrs. Hacwks, Crawshay, and Co., Gateshead Iron Works. 
Messrs. Thomas Murray and Ca, Chester-le-Street. * 

Messrs. Losh, Wilson, and Bell, Walker Iron Works. 
Messrs. B. and W. Haiwthom, Forth Bank Engine Works. 
Messrs. B. Stephenson and Co., Sonth Street Engine Works. 
Messrs. Thomas Richardson and Co., Hartlepool Engine Works. 
Messrs. Gilkes, Wilson, and Co., Tees Engine Works. 
Messrs. W. G. Armstrong and Co., Blswick Engine Works. 
Messrs. Morrison and Co., Onsebnm Engine Works. 
Messrs. Thompsoa and Co., Spring Garden Engine Works. 

With reference to the miagnitude of the work undertaken by some of 
the above firms, it may be stated of Messrs. Hawks^ Crawshay^ and Co., 
Messrs* Losh, Wilson, and Bell, Messrs. Thomas Murray and Co., 
Messrs. W. 6. Armstrong and Co., and Messrs. Morrison and Co., that 
single castings have been supplied from 45 tons downwairds, and there 
are capabilities for castings of even 60 tons. 

As every description of paper, com, lead, and other mills have been 
extensively constructed, it is impossible to refer to them in detail ; but, 
in point of date, the erection of a self-acting crane, for delivering ballast, 
at St Anthony*8 Quay, by Messrs. R. and W. Hawthorn, in 1820, is 
worthy of notice. 

2.--STATI0NABY STEAM ENGINEERING. 

Steam power was first practically utilized in mining operations, and 
its application was early introduced in the north-eastern mining districts 
by several of the engineering firms before referred to ; and the fiict that 
Uie wants of a large mining district were almost exclusively supplied by 
local talent and capital, is a satis&ctory proof that there were the right 
men at the right time, to aid, by their engineering experience, the 
resources and trade of the district. 

Among the engineering specialities of this district, may be mentioned 
many large winding and blowing engines. Messrs. Hawks, Crawshay, 
and Co., have cast and bored cylinders of 108 inches diameter for this 
class of engine. 

In 1823, Messrs. R. and W. Hawthorn first applied steam to drive 
their lathes, and in 1824 they constructed a 50-horse power engine for 
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the Plate Glass Works of Messrs. Gookson and Cuthbert^ and this 
engine is still doing efficient duty. At this period the same firm also 
fitted a self-acting steam crane for delivering ballast at Hebbum Quaj^ 
on the Tyne. 

Several of the firms previously mentioned have extensively supplied 
steam cranes of various powers — Messrs. Thompson and Co. alone having 
made upwards of 200. 

Messrs. Morrison and Go. are noted for their steam hammers^ which 
they have extensively supplied to the Government, the Elswick Engine 
Works, and other large establishments^ and they have them in their 
works of 15 to 20 tons weight, together with two steam cranes capable 
of lifting 50 tons each. 

Although not quite finished^ yet, on account of its excessive magni- 
tude, it is of some interest to note here, that Messrs. Morrison and Go. 
are now engaged in completing a monster steam hammer for the Russian 
Government. The forging for the hammer is 40 tons, and the enlarged 
part of the same is 6 feet 6 inches diameter, finished size. The total 
weight of this hammer, when completed, will be about 550 tons ; the bed 
alone being 240 tons, and will be cast in three pieces, in its final resting 
place. It is believed this will be considerably the largest steam hammer 
in the world. 

The application af steam power to underground haulage has been 
successfully introduced by Messrs. Thomas Murray and Go.^ of Chester^ 
le-Street, the steam being conveyed to engines underground from boilers 
placed above the surface. 

A model of this application of steam power in Hetton Colliery will 
be exhibited at the meeting. In this case there are a pair of 18-inch 
cylinders and 3 feet stroke, working four drums, all on separate shafts, 
for drawing on a plane and incline. 

Messrs. Murray and Go. have lately erected two 200-horse power 
high-pressure condensing engines for winding at Ryhope New Winning ; 
the cylinders are 68 inches diameter and 7 feet stroke. These engines 
can deliver 2,000 tons per day, from a depth of 300 fathoms. Also, 
at North Seaton, a winding and pumping engine, cylinckr 60 inches 
diameter and 7 feet stroke, fitted with the first hallow plate iron beam. 

Messrs. Losh, Wilson, and Bell were early in the field in the con* 
struction of steam engines for mills, collieries, and iron works. This 
firm erected a large pumping engine about thirty years ago for Friars 
Goose. Also, at later dates, a large pumping engine for the North 
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Seaton Colliery — diameter of cylinder 76 inches^ and 8 feet stroke; 
60- inch double cylinder high pressure engine for the Burradon Collierj 
and many engines for blast fiirnaces and winding^ having steam cylinders 
of 38, 40, and 42 inches diameter. At the present time this firm is 
largely engaged in the manufacture of surface condensers for mill and 
other steam engines, in connection with Mr. J. F. Spencer, the patentee 
of certain improvements in their application to existing and new engines. 
This short and limited notice of such an important subject as the 
development of stationary steam engineering can only serve to indicate 
in a very limited degree the engineering capabilities of the district. 

3.— LOCOMOTIVB ENGINEBRINO. 
To the north-east of England belongs the undoubted honour of being 
the birthplace of the locomotive ; and this fact must ever be recorded 
when the names of Trevethick and Stephenson appear on the page of 
history. In a paper written expressly to record contributions to the 
engineering talent of the country, it would be simply unjust to forget 
in the now almost world-wide extension of locomotive manufacture, the 
Stephenson "Rocket" of 1829, or the Hawthorn "Comet," of 1836. 
The latter engine, which was used at the opening of the Newcastle and 
Carlisle Railway, can still be seen in daily work, at the saw mills of the 
Forth Bank Engine Works. During the past 34 years, upwards of 
2,400 locomotives have been constructed by Messrs. R. Stephenson and 
Co., Messrs. R. and W. Hawthorn, Messrs. Oilkes, Wilson and Co., and 
Sir W. G. Armstrong and Co. In the above number are included all 
the known varieties of the locomotive, from the comparatively small 
tank engine to those magnificent specimens constructed by Messrs. 
R. Stephenson and Co., for the late Viceroy of Egypt. 

4.— MARINE ENGINEERINa. 

It would display an unwarrantable indiflerence to the birth and pro- 
gress of great improvements, if reference was not made to the first 
practical application of steam power on the Tyne, for towing purposes, 
more especially as the date of such application was almost coeval with 
Henry BelFs "Comet" on the Clyde, in 1812. It is also of interest in 
an engineering point of view, to place on record the names of those local 
firms who were earliest in the field in making and fitting the first steam 
engines for Tyne tugs. 

In 1814, the first steam tug, the "Perseverance," was fitted and 
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started on the Tyne^ there being at that time only 17 steam boats in 
existence. And Table G gives the particulars of the introduction of 
steam for towing purposes on the Tyne, from 1814 to June 1822. 
In this table it will be seen that the now existing firms of R* and 
W. Hawthorn firstly, and Hawks and Co. secondly, made and fitted 
steam engines for tugs as early as the years 1820 and 1821. This 
reference to the beginning of steam navigation and manufieusture of 
marine engines on the Tyne, is the more important from the well known 
fact, that almost all the ports of the United Kingdom, as well as those of 
foreign countries, have, to the present day, come to the Tyne for their 
steam tugs. It may, therefore, be fairly assumed that the Tyne engi- 
neers have, from the first, supplied a most important want in a manner 
that has defied competition^ and even now it is difficult to suggest any 
important improvement in the class of engine that has been working in 
these tugs during the past 40 years. 

Some additional force is given to the last statement^ by the fact, that 
at the present time there are upwards of 260 of what may be aptly termed 
'' native steam tugs " employed on the Tyne^ besides nearly 100 more in 
the ports of Sunderland, Stockton, Middlesbro*, and Hartlepool, and the 
engines in these are almost identical in type with those fitted in 1820. 

Among the evident causes for the rapid extension of marine ep^ne 
construction in the ports of this district are the early introduction of 
steam power for towing purposes, and more lately the increasing substi- 
tution of steam for sails in the coal carrying trade, leading to the intro* 
duction of screw colliers. These latter may be fairly considered,' with 
reference to this district, as native productions } and, furthermore, they 
have proved stepping-stones to the construction of the higher classes, and. 
larger powers of marine engines. 

As before stated, Messrs. R. and W. Hawthorn were the first of the 
now existing firms to make engines for steamboats, and during the past 
10 years especially, they have been extensively engaged in fitting marine 
engines, both paddle and screw, up to 250-hor8e power. In 1859 they 
appUed Mr< J. F. Spencer's system of surfiEu^e condensation' most success^ 
fully to the ^^ Frankfort," lOO^^horse power, of Lirerpool, and they have 
more Itftely appUed the same arrangement, with equal success, to a pair 
of 140-hoirse power screw engines, which they made and fitted into the 
'' London," for the Cadiz trade, the economy of fuel being oonsideraUe. 

The same firm have also supplied Her Majesty's Qovemment with 
150-hor8e power horizontal screw engines for H.M.S. ^^ Sheavwater/' 
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These engines are fitted with separate expansion valves^ worked by a 
second link. 

Messrs. Hawks, Crawshay, and Co. have constructed several pairs of 
marine engines, paddle and screw, for river and sea service, and they 
date the commencement of this class of work as early as 1821. 

In 1830, Mr. T. D. Marshall, of South Shields, commenced building 
and fitting steam tugs, and out of the 600 engines his firm have made 
since that date, upwards of 300 have been fitted in steam tugs; Marshall's 
steam tugs being well known in every port. The present firm of 
Marshall Brothers are still largely engaged in the construction of paddle 
and screw engines. 

The names of Renoldson, Almond, and Hepple, are also well known 
as producers of steam tug engines on a large scale, and it may be safely 
stated that upwards of 1000 tug engines have been made and fitted on 
the Tyne. 

Messrs. Thomas Richardson and Co., of Hartlepool, have paid much 
attention to marine engineering, and are now engaged in perfecting 
several improvements therein. The extent of their establishments can be 
seen by reference to Table A. 

Messrs. R. Stephenson and Co. have employed a large portion of their 
extensive establishment in the construction of marine engines, and, in 
addition to a long list of engines fitted, of various powers, they put on 
board a Sardinian frigate a pair of 250-horse power horizontal screw 
engines for the Sardinian Government. 

In 1852, Messrs. Palmer Brothers established the Jarrow Engine 
Works, where have been manufactured, and fitted on board, a considerable 
number of marine engines, paddle and screw, and some of them of large 
power, having 00 and 80-inch cylinders. During the past eighteen 
months this firm has introduced surface condensation into several pairs 
of engines, adopting an American plan for jointing the tubes. These 
engines are reported satisfactory for duty and economy of fuel, and there 
are several pairs in hand on the same plan, having 63 and 60-inch cylin- 
ders. Of the latest and most successful of this firm's engines, may be 
mentioned those of the '^ Georgia," having 60-inch cylinders, giving a 
high speed, and small consumption of fiiel. 

Messrs. Morrison and Co., of the Ouseburn Engine Works, have 
given much attention to the construction of marine engines up to 
250-horse power, and have applied Hall's condensers^ separate expansion 
gear, and steam jackets, with much success. 

p p 
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The mail steaniship " Auckland," with the improved engines referred 
to, of 160-horse power, has proved, on her trial, an economical and sue- 
cessftil 6hip. 

Messrs* Thompson and Co*, of the Spring Gardens Engine Works, 
have, especially since 1856, been largely engaged in the construction of 
marine engines up to 200-horse power, and they also have paid attention 
to economy of fuel. 

Messrs. Gilkes, Wilson, and Co., of Middlesbro', and Mr. G. Clark, 
of Sunderland, are also engaged in marine engine construction, but have 
Aot furnished any information as to extent or speciality. 

In this limited notice of what is now a most important branch of 
engineering industry in this district, it is important to state that the 
north country engineer has to provide a larger and more powerful marine 
engine, at a less cost per horse power, than the engineer on the Thames, 
and this unjust difference has tended materially to check in this district 
the manufacture of the higher class of marine engines. 

Finally, it may be confidently stated there is a general desire among 
the north country engineers, thiit quality of workmanship follomrtg price 
should be superseded hj price foUowing qvaUty of fcorknianehip. 

Several of the large firms referred to have every capability, in extent 
and covenience of shops and tools, for supplying the largest engines 
that may be required for Her Majesty's Navy or mail steamships. 

6.— HYDRAULIO ENQINBERING. 

li will be necessary under this head to refer separately — first, to the 
application of machinery for removing or supplying water ) and secondly 
to tShle application of machinery in using water as a motive power. 

Extensive mining necessities require the constant attention of the 
mechanical engineer, especially to provide large and capable machinery 
for discharging water from great depths ] and it is a matter of much 
satisfaction when such machinery can be designed and applied on the spot. 

The following brief reference to the productions of local firms, in 
addition to the supply of machinery for water-work, <£;c., will cleai*ly 
show that this district has reaped the iuU benefit of such local designs 
and applications. 

Messrs. Thomas Murray and Co., of Chester-le-Street, have applied 
steam power extensively to pumping for colliery purposes, and completed 
some of the largest colliery pumping engines in the district, some of 
them being 200-horse power, with 60 and 68-inch steam cylinders. 
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Messrs. R. and W. Hawthorn were very early in the field in the 
construction of large engines for pumping, and in 1834 they erected a 
single acting pumping engine^ with 55-inch cylinder and 8 feet stroke, 
for the Newcastle Subscription Water Company. This engine was the 
first erected in the neighbourhood with steam jackets and valveSi on the 
Cornish principle. It was at a later date (1854) converted into a Rouble 
acting engine, and is now doing duty at New burn. 

In 1845, several large pumping and winding engines were erected by 
the same firm, at the various collieries in the North of England^ among 
which was a powerful pumping engine of 250 nominal horse power, at 
Walbottle Colliery, on the Tyne, with steam cylinders 17 inchea in 
diameter, and 10 feet stroke. It was erected to drain a large coal-field 
area, where it is now working. 

In 1847-8, several first-class water- works engines were manufactured 
and erected by the same firm, in the towns of Newcastle, Derby, Not- 
tingham^ Wolverhampton, and Brighton \ and in 1858-9 they erected 
powerful double acting, combined, high and low pressure, rotative, beam 
engines, at the works of the Nottingham Water Works Company, the 
Coventry Water Works Company, and at Altona, near Haniburg, for 
the supply of that city with water, under the direction of Thomas 
Hawksley, Esq., C.E. These last-named engines performecji * duty of 
110 millfons, with 112 lbs. of coal, the consumption being only 2^ lbs. 
per indicated horse-power. An arrangement, by which the governor 
was made to act directly upon the steam valves, was introduced in these 
engines with perfect success, securing great steadiness in woirking, and 
effecting a considerable saving in the quantity of steam used. 

Messra. Hawks, Crawshay, and Co., of Gateshead, have constructed 
and erected at the Hull Water Works, tHe largest pumping engine that 
has been made in this district. The steam cylinder is 85 inches diameter, 
and stroke 10 feet 6 inches, the plunger pump being 34f inches diameter, 
and the same stroke as the steam cylinder. This beam engine is single 
acting, and capable of lifting nearly two tons of water 174 feet high each 
stroke. The same firm has also erected a large pumping engine for the 
Water Works at Scarborough. The steam cylinder is 45 inchea diameter, 
and stroke 8 feet. This is a single acting beam engine, worked expan- 
sively. 

Messrs. Morrison and Co., of the Ouseburn Engine Works, have made 
several large pumping engines. One pair was erected at Cleadon Lane, 
for' the Sunderland and South Shields Water Company. There are two 
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steam cylinders^ each 60 inches diameter, and stroke 8 feet, worked 
expansiyely. 

Messrs. Losh, Wilson, and Bell have also erected several hrge colliery 
pumping engines. 

Sir William G. Armstrong and Co., in addition to their extensive 
application of machinery for applying water as a motive power, have 
constructed the engines for the Durham Water Works, together with 
other pumping engines for collieries, and they have successfully intro- 
duced a self-acting valve in water-works supply pipes, which effectually 
shuts off the supply in the case of a pipe bursting. 

Of the second division, or the use of water as a motive power, there 
is a special manufacture by Sir W. 6. Armstrong and Co., at the Elswick 
Engine Works, and the following somewhat full reference to this subject 
may be justified by the fact, that the manufacture of this class of 
machinery has been exclusively confined to this district. 

At the meeting of the British Association for the Advancement of 
Science, held in the year 1854, Sir William (then Mr.) Armstrong read 
a paper on the *' Application of Water Pressure Machinery," wherein he 
described the origin and principles of his invention in the system of 
hydraulic machinery. Since that period many improvements have been 
introduced, but the principles effected remain the same. ^ 

The application of water power is classed under two conditions — viz., 
the one where the pressure is obtained from natural sources, the other 
where it is generated by artificial means. The employment of a natural 
supply has remained limited, owing to such supply being confined to dis- 
tricts generally unfavourable for the erection of works, and the important' 
and extended application of hydraulic machinery which has taken place 
in nearly all the principal docks, railways, and government establish- 
ments in this country, is due to the invention of the '^ accumulator" for 
producing artificial pressure, usually made equal in effect to a head of 
water of about 1600 feet. 

This high-pressure system has been adopted with economy to a great 
variety of purposes, such as to cranage, wagon lifb, coal drops, hoists, 
and tipping machines, to the working of turn-tables, traversing machines, 
hauling machines, capstans, (&c., &c., but in no one branch of labour, 
perhaps, has this economy been more exemplified than in the loading and 
discharging of vessels, particularly those employed in the coal trade. 

Nearly 1800 hydraulic cranes, hoists, and other machines of this 
description have been applied, and 174 steam engines, having a collective 
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power of more than 5;S00 Lorse power^ are employed in supplying 
the pressure required for working them. In addition tx> these, 177 
hydraulic engines of various forms and powers have been produced, and 
28 moveable bridges are worked by hydraulic machines. 

The most novel and noticeable arrangement, for the discharge of coal 
from vessels, by means of hydraulic machinery, is to be seen on board 
a vessel belonging to Mr. Cory, moored in the river Thames. This 
vessel, originally built for other purposes, has been converted into a 
floating wharf, and is supplied with a steam pumping engine, accumu- 
lator, six hydraulic cranes (which weigh the coal at the same time), two 
hydraulic capstans, and a variety of appurtenances for facilitating the 
work by day and by night. 

Rapidity of discharge is the g^eat feature of this scheme. Steam 
colliers carrying 1200 tons of coal are delivered in 10 hours. Such 
vessels plying between the l^y^e and the Thames have accomplished the 
voyage there and back in 96 hours, having loaded and discharged each 
cargo in one tide, and made the passage in three tides each way. Two 
such vessels can be delivered at the same time alongside Mr. Cory's 
floating wharf, thus rendering the power equal to the discharge of about 
5,000 tons of coal in 24 hours. 

The application of hydraulic hoists for shipping coal has met the 
difficulty formerly felt in loading from low levels, at a comparatively 
moderate cost, as may be seen from the following figures : — 

At the Newport Docks, Monmouthshire, in the year 1862, 219,486 
tons of coal were shipped from three hydraulic hoists, worked by six men. 
The sum paid in wages, stores, and repairs, amounted to £501 6s. 2d. 
The cost of supplying the pressure amounted to about £250, which gives 
a charge of about 0'276 of a penny per ton for the pressure, and 0*552 
of a penny per ton for wages, stores, and repairs. These figures are 
exclusive of the interest upon the outlay of capital. Before the intro- 
duction of hydraulic machinery at these docks, the cost of loading coals 
by hand amounted to between 5d. and 7d. per ton. 

In point of despatch, the hydraulic is equal with the gravitation 
system, both being limited by the labour of trimming the coal in the hold 
of the vessel. 

The most remarkable application of a hydraulic machine for loading 
coals is the one now constructing at Goole Docks, in connection with the 
system adopted by Mr. Bartholomew for the coal traffic upon the Aire 
and Calder Canal. The barges, carrying S3 tons of coal each, will be 
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lifted by this machine out of the water, and their contents tilted directly 
into the hold of the vessel to be laden. 

Recent improvements in the construction of rotatory engines have so 
simplified their form and reduced their size, that the general application 
of this class of engines is rapidly extending. A 7-horse power hydraulic 
engine, worked from the ordinary high (accumulator) pressure, occupies 
a space of two and a quarter feet square by nine inches deep. Such 
engines are now being apphed directly to new, as well as to the existing 
dock-gate crabs at the Liverpool Docks, without at all disturbing the 
present arrangement of the hand-power gear of these crabs, which can 
thus still be used by hand in cases of emergency. Other engines are 
similarly applied directly to the crabs of hand-power cranes, swing 
bridges, and other hauling appliances ; to capstans, machines for planing 
armour plates, &c. The latest improvement in hydraulic engines con- 
sists in making them with variable power, so that their consumption of 
water may be the better proportioned to meet any fluctuations in the 
amount of work to be done. An engine of this description, capable of 
being worked up to 1 7-horse power, under an ordinary (accumulator) 
pressure of 700 lbs. per square inch, is exhibited in the collection of 
models brought together in the Central Exchange News Room during 
the present meeting of the Association. 

The advantage of the system of storing up pressure in accumulators, 
80 that a great force can be quickly brought to bear upon heavy masses 
to be rapidly moved for limited distances, is well exemplified in its appli- 
cation to moveable bridges, and the importance is the more felt in situa- 
tions where traffic would be seriously impeded by slow action, as for 
instance, at the part of the Swansea and Neath Railway where the line 
crosses the mouth of the river, and the entrance to the dock in Swansea. 
The communication of the line is kept up over these two points by 
hydraulic draw-bridges. The time occupied in lifting and drawing back 
the largest bridge, which has a space of 75 feet, and weighs 260 tons, 
is under 1 j minutes. At Wisbeach, where the plan of storing up 
pressure in an accumulator by hand pumps is resorted to, a bridge, 
weighing 450 tons, can be opened or closed in less than two minutes. 

In noticing the application of water pressure, derived from natural 
sources, to the working of machines upon the system introduced by 
Sir Wm. George Armstrong, no better reference can be made than to the 
complete and extensive works erected upon the lead mines at Allenheads. 
Hydraulic machinery is therein employed in raising the minerals from the 
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mines; in giving motion to machines for washing, separating, and 
crushing ore ; in pumping water, and driving saw mills and the machinery 
of a workshop. 

The most recent application of water power at these mines deserves 
especial notice. The district upon which several new works are opened is 
void of falls of sufl&cient altitude for working the engines and machines 
directly, but a river runs through, the district which is suitable for over- 
shot wheels, and through such mediums the stream is made to force water 
into accumulators, thus generating an intensified power, which is utilized 
by compact machines distributed in situations most convenient for their 
several duties. The principal objects sought in thus intensifying the 
pressure is to lessen the size of the pipes, cylinders, and valves of the 
machines and to gain more rapid action, and also by so reducipg the size 
of parts, to effect a saving in outlay upon the work generally. 

6.-IR0N BRIDGES, VIADUCTS, LIGHTHOUSES, &c. 

The art and manufacture of iron bridge building, and of other similar 
iron structures, which form such an important feature in railway con- 
struction and harbour improvements, are followed to a considerable extent 
by several engineering firms in this district. 

The following brief notice of some of the most important of these 
. works can only be taken as an index of the resources of the district in 
this direction. 

That noble structure which spans the river Tyne, and forms a 
communication of road and rail at a high level between the towns of 
Newcastle-upon-Tyne and Gateshead, emanated, as is well known, from 
the same practical mind and genius that, with dauntless courage and rare 
skill, threw railway bridges across the Menai Straits and the St. Lawrence 
River. 

The superstructure of the High Level Bridge was executed by Messrs. 
Hawks, Crawshay, and Sons, of Gateshead. This firm has recently 
erected the cast-iron bridge at York, from the designs of Mr. Page. It 
spans the river Ouse in one arch of 1 72 feet in width. Also the new 
bridge at Sunderland, which consists of a single arch of about 237 feet 
span, at a level of about 90 feet above high water mark. A melancholy 
interest is attached to this bridge, it being one of the very last works 
designed and undertaken by the late Robert Stephenson. 

Messrs. Hawks, Crawshay, and Co. likewise constructed the wrought 
iron gates for the Northumberland Docks, and the iron lighthouses at 
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Ounfleet> Calais^ and Harwich, and supplied the materials for the iron 
pier at Madras, a work of considerable magnitude. 

Messrs. Robert Stephenson and Go. have been engaged upon the con- 
struction of wrought iron gates for docks, and have made 38 wrought 
iron bridged, among which, as most noteworthy, may be mentioned the 
Kaffie Azzayat Bridge over the river Nile. The total length of this 
bridge is 1607 feet, tt is composed of eleven fixed openings, each 114 
feet wide, and two swing openings, each 80 feet wide. The girders are 
box shaped, and are carried upon wrought iron cylinders, 10 feet in 
diameter and about 90 feet long. The gross weight of this bridge, with 
the supporting cylinders, amounts to 2634 tons. 

The firm of Oilkes, Wilson, and Co., of Middlesbro', have recently 
executed, from the designs of Mr. T. Bouch, some lattice bridges for the 
South Durham and Lancashire Union Railway, of a peculiar light and 
cheap construction. Of these the Bealah Viaduct may be looked upon 
as the most interesting specimen of construction and workmanship. 
(Several models of this bridge are exhibited at this meeting.) It is 
constructed upon a somewhat similar plan to the celebrated Crumlin 
Viaduct, from which, however, it differs in many essential points. This 
Beelah Viaduct consists of fifteen pieces, composed of hollow columns. 
The span of the lattice girders forming the roadway is 60 feet in width. 
The total length is lOOO feet, and the greatest depth, from the rail to 
the ground, is 195 feet. The quantity of materials used in construction 
consists of 776 tons of cast iron, 308 tons of wrought iron, 12,343 cube 
feet of Memel timber for roadway. 

Sir William G. Armstrong and Co. have been engaged extensively 
in designing and manufacturing iron bridges. They have constructed 
25 moveable and 44 fixed bridges. With one or two exceptions, the 
whole of the former are worked upon the hydraulic system introduced 
by them. 

The swing and draw bridges of the Birkenhead, Liverpool, and London 
Docks, and upon the Swansea and Neath and Great Western Railways, 
are among the most noteworthy of this class. The largest fixed bridge 
constructed by this firm is the one which crosses the river Somme, in 
India, made after fhe plans of Mr. G. Rendel, now one of the partners of 
this firm. Being about one mile in length, it boasts of being the longest 
bridge but one in the world. It is formed with 28 spans. The girders^ 
carrying a railway platform above, and a common roadway beneath, are 
of the lattice construction, the top section being composed of wrought 
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iron bozeS; and the lower section of tension bars. The girders are carried 
upon brick piers. The total weight of this bridge/ including the pier 
superstructures, which are of iron, is about 4000 tons. Sir W. G. 
Armstrong and Go. have also turned out from their works, caissons, dock 
gates, pontoons, coffer-dams, saddle-back barges, wrought iron dredgers, 
and a variety of works of this description. 

There are many other firms in the district engaged in constructing 
classes of work similar to those before referred to. Enough, however, 
has been said to show the important position which this district holds in 
a branch of industry, the history and development of which have been 
shortly traced in this paper. 
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TABLE B.--BHOWING THE AVEEiLGB KUMBEB OF MEK EMPLOTBD BT MsaEBS. 

B. AKD W. Hawthorn, fbom tbib Commsncement of thsib Wobks 
IN 1817 to the yeab 1862. 



Ywu 


Armge ICcn. 


Ymui. 


▲v«nga Moi. 


1817 


8 to 10 ... 


... 1838 to 1842 


511 


1818 to 1822 .., 


... 42 ... 


... 1843 to 1847 


726 


1823 to 1827 ... 


... 108 ... 


... 1848 to 1852 ... 


907 


1828 to 1832 ... 


... 216 ... 


... 1863 to 1867 


890 


1833 to 1837 ... 


... 818 ... 


... 1868 to 1862 ... 


... 984 



TABLE C^Statistigb havino Befebenoe to the Intboduotion of Steam 
PowEB FOB Towing Pubpobbs on the Tynb. 



Date. 


NameofStMunMr. 




Hone Pow«r. 


VnaliM TOtU BUI 


1814 


PerseYeranoe 




... 


3 


Crowther 


17 


1816 


Swift ... 




... 


3 




21 


1816 


Eagle ... 




... 


20 


. Watt... 


.. 31 


1817 


Enterprise 







6 


Bobson 


.. 40 


1818 


Speedwell 




... ... 


10 


. Bobson 


.. 62 


1819 


Hope ... 




• a. a* 


6 


. Bobson 


.. 64 


»» 


Swift ... 




..a •• 


3 


. Bobson 


.. 85 


1820 


l^e 




a.. aa 


. 10 


. Bobson 


.. 78 


ti 


Two Brothers 




aaa .a 


9 


. Bobson 


.. 79 


n 


Indefatigable 







8 


Hawthorn . 


. 80 


n 


Duchess of Northumberland .. 


10 


Hawthorn . 


. 81 


1821 


Navigator 


... 


aaa 


18 


Hawthorn . 


. 117 


>» 


Safety ... 


• a. 


aaa 


. 14 


. Hawks 


. 118 


»i 


Union ... 


... 


... 


4 


. Gibson 


. 11^ 


1822 


Lemington Packet 





7 


Hawthorn .. 


. 14» 



APPENDICES. 



THREE-POWERED HYDRAULIC ENGINE. 



SIB WILLIAM G. ABMSTRONO AND CO. 



The object attained by the principles of construction of this engine is economy 
in the motive power. This is effected by proportioning, in a measure, the quantity 
of water used for producing motion to the amount of work to be done. 

The cylinders of this engine being fitted with rams and pistons, have, conse- 
quently, differential areas on either sides of the pistons — ^the areas being usoally in 
the proportion of 2 to 1. 

By an arrangement of double slides, the water pressure can be conducted to 
either the smaller or larger areas alone, or to both combined^ leaving always the 
opposite side of the piston acted upon by the pressure freely open to the exhaust. 

Thus, when the water pressure' is let on to the smaller areas in the cylinder 
alone, the lowest power is obtained ; when on to the larger areas alone, the medium 
power ; or when with reciprocating action, on to both the smaller and larger areas, 
the highest power of the engine is produced. 



REPORT ON THE 



CONSTRUCTION OP WROUGHT-IRON RIFLED FIELD GUNS, 
ADAPTED FOR ELONGATED PROJECTILES. 



SIR W. O. ARMSTRONG, C.B., LL.D., F.R.S. 



In the month of December, 1854, my friend Mr. Rendel, the well-known engi* 
neer, submitted to Sir James Graham a communication he had received from me, 
suggesting the expediency of enlarging the ordinary rifle to the standard of a field 
gun, and using elongated projectiles of lead instead of balls of cast iron. 
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This commtinication was handed by Sir James Graham to the Duke of KeW' 
castle, then Minister for War, with whom I had an interview on the sabject, in 
company with Mr. Bendel. 

At this interview I was anthorised by his Grace to carry my views into eiSect, 
by constmcting upon the plan I had suggested one or more gnns, not exceeding six 
in number, and to make the necessary experiments in connection with the subject. 

In acting upon the authority thus received, I deemed it expedient to confine 
myself, in the first instance, to the production of a single gun, but to make that 
one gun 'tiie test not only of the principles I had recommended, but also of the 
feasibility of loading field pieces at the breach, and applying certain mechanical 
arrangements to counteract recoil, and facilitate the pointing of the gun. 

The substitution of elongated solid projectiles for spherical bullets is an essential 
step to the attainment of very extended range in artillery practice ; but the lengthen- 
ing of a solid projectile involves the necessity of strengthening the gun to enable it 
to resist the greater intensity of force which becomes necessary to give the required 
velocity ; and this object can only be effected, consistently with lightness, by con- 
structing the gun of steel or wrought iron, instead of cast iron or bronze. 

The tensile strength of these several materials is exhibited in the following 
Uble :— 

Oast steel, about 

Shear steel 

Wrought iron 

Bronse, or gun metal, about 
Cast iron 

The first and strongest of these substances — viz., cast steel, may be set out of 
the question, as it appears impracticable, in the present state of manufacture, to 
produce it in masses sufficiently large without the occurrence of fiaws which, in the 
great majority of cases, would destroy its efficiency. Shear steel may be forged, 
like wrought iron, into large pieces ; but in a gun made from a solid mass of either 
of these substances, the full strength of the material can never be realised, because 
the tenacity of wrought iron, or steel, is always less in the lateral than in the longi- 
tudinal direction ; and it is the lateral strength which in a gun so manufactured 
would be chiefly brought into action. There is also much uncertainty in the lateral 
stzength of wrought Iron or steel, because the flaws or imperfections of welding 
which exist in all thick masses of those materials almost invariably run in the 
direction of the length, and in general, therefore, only detract from the strength in 
the transverse direction. It is for these reasons that the barrels of muskets and 
sporting guns are formed by twisting long slips of iron into spiral tubes, and then 
welding together the edges, by which means tiie longitudinal strength of the slip 
becomes opposed to the explosive force of the powder, and the weldings being trans- 
verse with the bore, have no important influence in lessening the strength of the 
barrel 

It is also to be observed, in reference to the strength of steel or wrought-iron 
cannon, thii^ the resistance of a cylinder to internal pressure does not increase in 
the ratio of its thickness. If the cylinder be regarded as made up of a number of 
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concentric layers, each capable of gnstaining, without injarji a degree of eztension 
proportionate to its length, it is obvions that the greater the circumference of each 
layer, the less will it be stretched by a giyen distention of the bore, and, consequently, 
the less will it contribute to the general strength of the cylinder. The ratio of this 
decrease is very rapid, being as the square of the circumference, or distance from 
the centre inyersely ; and, consequently, when the cylinder is thick, the deiidency 
of strength from this cause becomes yery great. 

Now this defect can only be remedied by giying to the external portion of the 
cylinder a certain initial tension, gradually decreasing, and finally passing into 
compression towards the centre ; and although this condition cannot be effected by 
any known process of forging or casting, yet where wrought iron or steel is the 
material used, it may in a great measure be attained by shrinking an outer cylinder 
upon an inner one, and in like manner superadding others until the requisite thick- 
ness has been acquired. 

The method, however, of forming steel or wrought-iron guns, by simply forging 
the material into the required form, and boring it in the usual manner, was so much 
recommended by its facility, that I was induced to make some experiments to test 
its sufficiency. 

With this view a number of cylinders were forged, each It inches long, and 6 
inches in the outward diameter. These were bored to an internal diameter of 1| 
inches, and tested in the following manner : — Bach cylinder was entirely filled with 
gunpowder, and the open end was pressed by screws against a very thick iron tube 
bored to the same diameter, and containing a cylindrical shot of lead equal in 
weight to about three spherical shot of the some diameter and material. Seyeral 
of the cylinders burst on the first discharge, and those which remained uninjured 
were afterwards reduced in thickness, and tested a second time. If they still re- 
sisted the explosion, the thickness was further diminished, and this mode of pro- 
ceeding was continued until fracture took place in all of them. 

The results obtained in this manner showed, as had been apprehended, greift un- 
certainty in the strength of the material, and rendered it impossible to define the 
thickness necessary to resist a given charge of powder. I felt compelled, therefore, 
to dismiss this mode of construction, and to adopt another more correct in principle, 
but more difficult of execution. 

In the above experiment, it was found that steel was more subject to defects of 
welding than iron ; but being a harder substance, and therefore more fitted to form 
the surface of the bore, I determined to apply it as an internal lining, and to obtain 
the necessary strength by encircling it with twisted cylinders of wrought iron, 
tightly contracted upon the steel core by the usual process of cooling after previous 
expansion by heat. Considerable difficulties were encountered in carrying this 
plan into practice ; but I ultimately succeeded in completing a gun, of which the 
following is a description. 

The gun, when fired, recoils upon an ascending slide without displacing the 
carriage, and then returns to its place by gravity. The slide-frame turns upon a 
pivot which permits the gun to be pointed to either side without moving the 
carriage. The gun is elevated and depressed by means of a screw, which is ftted 
to and moves with the slide, and a similar screw is applied for tiie traversing or 
horizontal movement. 
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The arrangement for loading at the breoch may be described as follows : — At 
the back end of the gun a powerfnl screw is applied, having a hole through the 
centre, forming a prolongation of the bore, and through which hole the bullet and 
charge are delivered into the gun. A " breech -piece," with a mitred face, fitting 
a similar face at the end of the bore, is then dropped into a recess, and by the 
action of the screw pressed tightly into its seat, so as effectually to close the bore. 

In order to facilitate the loading, the bullet and cartridge are placed in a tube^ 
from which they are thrust into the gun by means of a rammer. 

The breech-piece contains the vent, with a cavity for receiving a small quantity 
of powder to ignite the charge ; and as the breech-piece is prepared for firing while 
the gim is being loaded, no time is lost in subsequent priming. 

Several of these breech-pieces accompany the gun, some being arranged to fire 
by percussion -caps, and others by friction-tubes or port-fires. 

The bore of the gun is If inches in diameter, and contains eight spiral grooves 
having an inclination equal to one turn in 12 feet. These grooves terminate at a 
distance of 14 inches from the breech, and the bore then gradually expands, in a 
length of 8 inches, from If inches to 1| inches in diameter. The bullet, in the 
operation of loading, passes freely through this widened space ; but its diameter 
being a little in excess of the bore, it lodges in the tapered contraction at the 
commencement of the grooves. 

The mode in which the gun is made up of separate parts consists in surrounding 
the steel centre with twisted cylinders of wrought iron, made in a similar manner 
to gun barrels, and, being shrunk upon the steel, they are in that state of initial 
tension which is necessary to bring their entire strength into operation. 

The weight of the gun by Itself is about 5 cwts. ; but, including the carriage, 
its weight is nearly identical with that of a light 6-pounder, with its carriage 
complete. It is probably heavier than necessary, but recoil might be inconveniently 
increased if the weight were much reduced. 

. Having now described the gun and its carriage, I shall proceed to speak of the 
projectile. 

The resistance which a projectile encounters in passing through the air is 
mainly dependent upon the area of its cross section, and the advantage of lengthening 
a ballet consists in augmenting the weight without increasing this sectional area ; 
bat in order to realise this advantage, it is essential that the bullet be guided 
endways in its coarse, and this can only be effected by causing it to rotate rapidly 
upon its longer axis, which is accomplished by firing it from a rified bore. 

This peculiar influence of rotation, in giving persistency of direction to the 
axis of a projectile, is entirely distinct from that which it also possesses of correcting 
the tendency to aberration arising from irregular form or density; and in order to 
investigate experimentally the nature of this action, I constructed an apparatus by 
which a cylindrical buUet^could be put into extremely rapid rotation, and be then 
gospended in a manner which left it free to turn in any direction. 

When thus suspended, the rotating bullet exhibited the same remarkable 
properties as are possessed by the revolving disc in the recently-invented instru- 
ment called the " Gyroscope," When pressure was applied to either end of the 
axis, the movement which took place was not in the direction of the pressure, but 
at right angles to it. Thus a vertical pressure deflected the axis horizontally, while 
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lateral pressure deflected it vertically. But the important point elicited was this, 
that the time required to produce these indirect movements became greater as the 
Telocity was increased, and. consequently, that the amount of deflection produced in 
a piven time by a given pressure, diminished as the rotation was accelerated. 
Now, all disturbing forces which operate upon a projectile during its flight, must 
necessarily be of very short continuance, and can therefore have but little influence 
in diverting the axis when thus stiffened by rapid rotation. 

I also found that a cylindrical bullet with tapered extremities, was more easily 
deflected than one of equal weight, with flat, or merely rounded ends, because the 
mean diameter of the bullet, and consequently the mean velocity of rotation, were 
thereby diminished. So far, therefore, as accuracy of flight depends upon rigidity 
of the axis, it would appear that the nearest practicable approach to a plain cylinder 
is the most desirable form for a projectile ; but there are other considerations 
which modify this conclusion. 

It is also to be observed, that since the rigidity of *the axis (relatively to the 
magnitude of the projectile) depends upon the mean velocity of rotation, the incli- 
nation of the spiral grooves in a rifled gun should vary inversely with the diameter 
of the bore. Thus, if one turn in 8 feet be assumed as sufficient for a rifled bore of 
1 inch in diameter, one turn in 48 feet should be suflicient for a bore of 6 inches, 
provided the same form of projectile be used. 

The forms of bullet which I actually tried with the gun were exceedingly 
numerous, and the ra';tcrial used for these bullets was in all cases lead hardened by 
an intermixture of antimony and tin; and the weight varied from 2 lbs. to 3} lbs. 

In trying these various bullets, a number of each kind was fired against a 
vertical bank at a distance of 435 yards. The gun was constantly pointed at the 
same object, and the closeness of the bullet-holes to each other was taken as the 
criterion of accuracy, while the drop below the level of the aim furnished an indica- 
tion of comparative range. 

The conclusions arrived at from these and other experiments may be concisely 
stated as follow : — 

1st. — ^A pointed form at tlie front end of the bullet is unfavourable to accu- 
racy of flight, unless the cylindrical part of the bullet be of considerable length ; 
but, on the other hand, a pointed, or conoidal form behind, has the efl^ect of increas- 




ing the accuracy attained. This may be explained upon the very probable supposi- 
tion that the blast from the mouth of the gun, impinging upon the rear of the 
buUet, will operate more unfavourably upon a flat or hollow end, than upon a 
rounded or conical one — a difference which 1 have endeavoured to illustrate by the 
subjoined sketch. 

2nd. — Increase of length, in the cylindrical part of a bullet, always increases 
precision; but, when carried beyond a certain limit, lessens the initial velocity, even 
where the charge is proportionately augmented, 

R R 
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8rcL — Both range and accuracy were effected in an important degree by tbe 
manner in which the bullet fitted the contraction in the gu^. When the fitting part, 
was in front of the bullet, the pressure of the gas operating upon its sides, compressed 
it in the manner represented below ; and the same effect was produced, though ia a 
less degree, when the cpniical, or rouA^ed end ^t the back, projected too far into the 
powder-chamber. 





D9fbrm^ bulJ(et caused by 
lateral cpmpressfoi;!. 



Th^ese effects were rendered apparent by inspection of bullets recpyered after 
firing, many of which w;ere found in yearly the precise condition in which thejr 
quitted the gun. 

The li)ullet ultimately selected is a little loiji^r and heavier tb3# that siho^B:^ 
in the preceding diagram, and differs from the pointed bullet, in being longer in 
the cylindrical part, and having a coned, instead of a rounded, end behind ; and • 
although its drop in a range of 485 yards is considerably more than that of several 
of the shorter bullets, yet there is little doubt it will excel them in range at higher 
elevi^tions of the gun; because I have found that a pointed front only operates in 
sustaining the flight of the bullet when the range is long ; and a high initial 
velocity, which materially lessons the drop in shoi^t distances, does not produce the 
same effect, in a corresponding degree, when the distance is increased. 

Great improvements were effected in the accuracy of the firing by modifying 
the shape of the projectile ; but although the experiments were very protracted, 
I feel that they require to be further prolonged in order to arrive at the greatest 
attainable perfection in the form of the bullet. 

The ranges at different elevations were npt ascertained with the form of bullet 
ultimately adopted ; but with a 8 lb. tainted bullet, and charges o^ 12 o^. of powder, 
they were as follows : — 



RAl^aES WITH THE BiFLBD GUK AND 8LB. BULLETS. 



Elevmtion. 
J** 
1« 
2o 
8*» 
4*» 

70 



Bang* in Yards. 
408^ 

770 
1,112 
1,600 
1,840 
2,056 
2,800 
2,600 



^^flsnuftdi to« fizsfe 
graze upon^ & 
plane about 5 
feet below the 
centre of- the 
gon. 



The powder used was a mixture of blasting and " double seal " powder in equal 
proportions. The distances given are in most cases averages of several shots ; but, 
in some instances, they were only approximately determined. When the gun had 
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more eleratioti than 7^, this bullets ooold only bd fired out to sea, and the range 
cbnld not be tooertained. 

By way of comparison with these results, an extract is here glTcn from the lailt 
\edition of Sir H. Donglas's Naval Guiinery, specifying the ranges obtained With a 
68-ponnder throwing shot with fall charges, which ranges, it will be seeh, ftf^, Upon 
the Whole, no greater than those of the 3 lb. ballet fired from the rifle gun. 

RAKGBS with a eS-PotJKDBB. 
tBleratioii. fiingb In Tardi: 

J« .i 840 

!• .' 888 

2« 124T 

8* 1558 

*• 4 .» 1787 

5* 2086 

6*» 2807 

I ••• •»• ••■ ••• ••• ••* ••■ a4xU 

in trying the initial velocity of the shot by means of a ballistic pendulum, I 
Was etiabled to observe its penetrating power. When fired with charges of 18 oz. 
of powder, a 8 lb. bullet passed through 2 feet 2 inches of hard elm timber, and 
flattened agalhst a cast-iron block forming the back of the pendulum. The iniiial 
velo^itj^ was similar to that g3nerally obtained with round shot fired with propor- 
tionate charge»-^visf., about 1550 feet per second. 

In the course of the experiments made with the gun, upwards of 500 rounds 
were fif 6d; and ample opportunity was thus afforded of judging as to the durability 
of the paHs affected by the loading at the breech. At first the fitting surfaces 
Which closed the bore were of unhardcned steel ; but these soon failed, being cut 
hway in numerous small channels by the ignited gases. The steel was then 
hardci^ed; but instead of bein*; rendered more durable, it yielded to the action of 
the powder more rapidly than before. Conceiving, therefore, that the erosion was 
taot a xfiechanical action, but a chemical effect of combustion ; and that a metal 
which Was a better c6hductor of heat than stefel or iron would be less liable to bum 
on the surf see, I was led to substitute copper as the material of the pavts affected, 
And no farther difficulty Was toperienced. The copper fittings applied for this 
purpose consists of two annular pieces, one of which is screwed into the breech end 
Of the gun, arid the other fixed upon the breech-piece. These fittings can very 
easily and qnicUy be repaired, when necessary, by means ot a tool provided for 
that purpose, and can also be removed and replaced by others kept in readiness for 
use ; and there is nothing to prevent these operations being performed by the 
gtmhers when on service, if they be previously instructed. 

The lidvantages of loading at the breech may be stated as follow :— 

Ist. — It permits of a bullet being used of a larger diameter than ifie bore, by 
Which means accuracy of fit is secured, and the material of the bullet is forced 
into the grooves of the bore. 

2nd. — ^Any ignited matter remaining in the gun after firing may with ease and 
certainty be removed, or, if left in the gun, it will be thrust forward from the part 
Where its presence would be dangerous, by the insertion of the succeeding baUet. 
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3rd. — In the arrangement which I hare adopted, the perishable part of tlic 
gun, viz., the vent and its vicinity, is comprised in the moveable breech- piece, which 
may be easily replaced when worn or otherwise injured. 

4th. — ^A rifled gun, loaded at the breech, may be more rapidly fired than a rifled 
gun loaded at the muzzle, because the fouling of the bore presents no impediment 
to the insertion of the buUet when introduced from behind ; but as compared with 
smooth-bored ordnance of the ordinary description, there is probably nothing to 
gain in point of quickness of firing. 

The gun was remarkably free from tendency to become heated by firing, a fact 
which can only be explained upon the supposition that the heating of a cannon i» 
occasioned, not by the contact of the flame, but by some molecular action of the 
metal, produced by the explosion, and more effectually resisted by wrought iron 
than by cast iron or bronze ; but possibly the compound structure oi this gun may 
also operate to deaden vibration, and prevent the evil in question. 

It may, perhaps, be objected to this gun, that, from the smallness of the bore^ 
it cannot be applied for throwing shells as well as solid projectiles ; but the fact is, 
these two purposes are incompatible with each other unless both be imperfectly 
attained, for while the one necessarily requires a large bore, the other demands a 
small one ; and it therefore seems preferable to have separate guns specially adapted 
for each application. As a civilian, I speak with diffidence upon the advantages 
which I believe the long range of this description of field gun will afford in its 
military application ; but I may be permitted to observe, that the incident which 
chiefly contributed to direct my attention to this subject still appears to furnish a 
forcible illustration of its importance. I allude to the memorable Lervice rendered 
at Inkermann, by means of two 18-pounders, laboriously dragu'cd from the batteries, 
and ultimately directed with great gallantry and success against the Russian 
Artillery, at a distance from which the numerous but lighter guns of the enemy 
could not effectually reply. Now, these two battery guns were but a clumsy 
substitute for light long range guns, which would have rendered the same important 
service with more promptitude and ease, and could have operated at a greater 
distance from the enemy's fire. It is, perhaps, chiefly as '^guns of position/' 
commanding important points at great but ascertained distances, that these rifled 
guns would be valuable, because long range can only be made available where 
distance can be determined, which it cannot easily be in the rapid operations for 
which " field pieces" are employed. It is, therefore, as adjuncts to, and not as 
substitutes for, the present descriptions of field ordnance that I propose the adoption 
of these guns ; and when fully brought to perfection, I believe they will furnish a 
most important addition to the artillery of an army. 

With respect to the construction of hca>Tr ordnance by the process of twisting 
wrought iron bars into cylinders, and combining them in the manner described, 
there appears to be no great difficulty in so doing- if proper apparatus be provided 
for the purpose. It would not, however, be advisable (except in peculiar cases) to 
apply the principle of loading at the breech except to guns of small dimensions, 
because in heavy ordnance the moveable parts would become too cumbrous to be 
conveniently handled. 
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THE ELECTKIC LEAKAGE GAUGE AND ELECTRIC SEA 

PLUMMET. 



D. B. WHITE, M.D. 



{^These imtrumenU are roorhed by the most Hmple electric apparatuSy ttich at may he 
used on shipboard, requiring slight knowledge and little care and attention,'] 

THE ELECTRIC LEAKAGE GAUGE. 

The Leakage Gauge consists of a metal tube, say of six inches internal diameter, 
perforated at its lower part, and surrounded there with wire gauze. In an iron ship, 
as in the plan, it is attached to the bulk-head in the principal hold ; in a wooden 
one, it is placed beside the pumps, but both cases in the well. Within this tube is 
fixed a rod of wood, on which slides easily up and down a float of copper or other 
suitable material. On this rod, at certain intervals, is placed a series of conducting 
plates connected, by separate wires, with one pole of the battery. On the float is a 
connecting plate or tongue connected with the other pole. Bbth class of wires unite 
into a line, and pass on to the battery ; one set through the index. As the float rises, 
its tongue gliding over the plates upon the rod completes the several circuits, and 
deflects the needles accordingly. By means of a simple arrangement, explained in 
the description of the Sea Plummet, these six circuits give nineteen indioations, and 
the first series being of three inches, and the second four, makes 66 inches, which, 
with the six before the float will rise, constitutes the index — six feet— enough for 
every practicable purpose. An alarm is also appended to the apparatus. When the 
leakage rises to a certain height, determined on beforehand by the circumstances of 
the ship, &c., a tongue upon the float presses on the sliding plate or rod, making^ 
thus the circuit, and setting on a bell. The leakage index may be placed before the 
steersman, and the bell rung into the captain*s cabin or other suitable situation. 
As four circuits may be formed at once, two small batteries may be used. It ha.<4 
been thought that the usual leakage water being salt, the plates without tlic 
float might serve the purpose, and further that any needle connected with a plate 
beneath the water would be more or less deflected. Practically, however, with small 
batteries this is not the case, the needles being but slightly influenced when the 
circuit is not completed by a metallic conductor. The apparatus may be so arranged, 
however, that the conducting plate a, upon the rod fig. 1 and fig. 2, may be omitted 
there, the wire being connected with tongue i on float flg. 2, or the conducting plates 
A, B, C, D, E, F, may be raised above the leakage altogether, the tongue being 
carried up to reach them. The arrangement here adopted is, however, found the 
simplest and the' best. One of the advantages of such an instrument is, that you 
have before you, at all times, the absolute leakage of the ship. CasuaUties occa- 
sionally happen on shipboard, in the intervals of sounding, only giving indications 
that may escape attention, and thus lead to most disastrous results. 
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DESCRIPTION OF THE PLATES. 

Fig. 1. fiori^ontal section of the tube H, attached to bulk-bead % with float 
M and rod K ; A, B, 0, D, B, F plates Connectel with the wires that pass around 
the needles to one pole of the battery ; a the one that goes direct to the other pole; 
A^ a^ the plates for action on the bell. 

Fig. 2. Vertical section of tube ; i insulated connecting tongue; L lower part of 
tube perforated with wire gause covering ; the other letters refer to the same as in 
fig. 1. 

Fig. 3. Elevation of back of wooden rod. The arrangement for the ringing of 
the alarm : — i^ connecting tongue on float ; m^ moveable plate fixed at the height 
required. 

Fig. 4. The Index, showing that the leakage stands from six to nine inches. The 
numbers below the needles Indicate by intervals of three inches to three feet ; the 
numbers above by intervals of four inches from that to six feet. The numbers 
opposite the needles indicate the deflection of that needle alone ; those between, the 
deflection of the needles adjoining. 



THE ELECTRIC SEA PLtJMMET. 

The Electric 'Sea Plummet can be dropped into the sea at any time to any 
depth within its range of linci and kept there, however quick the passage of the 
vessel or strong the current, indicating on board the perpendionlar depth, and 
ringing an alarm should ground be reached within that range. 

This plummet is in fact a cylinder, fitted with an air and water-ti^t piston 
acting against a powerful spring. As it descends, the Water presses on the piston^ 
which carries tongues in connection with one pole of the battery, by Wires running 
along the line. In the cylinder are insulated plates, communicating also througb 
the line with the other pole ; these various wires farming helices tf onnd their 
'respective needles in their course. To the lower end of the plummet is attached a 
feeler, or strong flexible rod, covered with a case of Indian-rubber ; towards its 
extremity is enclosed a cup, made of non-conducting material, and oontaining 
mercury. To this cup, and communicating With the battery along the line, runs 
two wires — a positive and negative— the one connected with the upper part of 
the cup, the other with the mercury. At right angles to the plummet projects twa 
plates, or wings of brass. The indications are by deflected needles, acted on by the 
electric current« 

DESOBIPTIOK OF THE PLATES. 

Fig. I shows the plummet as hung out from the bowsprit on approaching land. 

Fig. 2 shows a section of the cylinder K, and the piston M, and wing^ P, the 
spring omitted to show the plates A, B, C, D, E with F, G. The piston is kept tight 
by Indian-rubber rings dd^ddf and leather cup H H ; a ^ are tongues and wires con^ 
neeted with the piston. 

Fig. d. A cross section of the same ; R, a segment of the cylinder, carrying 
the cylinder plates, carefully insulated, and firmly bolted in by the cap, T, over the 
Indian-rubber S. 
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Fig. 4 diQWB the plummet in an angle it might take^ with the spring catefoUy 
wrapped for insulation, the feeler broken for saying space; Z, the cup. At X, the 
seven wires pass to the cylinder plates; and at y, the two into the piston. Two 
more are continued along the feeler. WW W, the line containing the wires. V^ 
cord attached to plummet to give the angle necessary lor its descent. 

Fig. 9. The IndeJK to 40 fathoms. « 

ACTION OF THB APPARATUS. 

When the plummet is dropped into the sea either from the bowsprit, as on 
the plan, or elsewhere, from the formation of the wings, and the mode of the con- 
nection with the line, when the current from the passage of the ship presses, the 
instrument takes such an angle (fig. 4} that a portion of the force in action 
presses it down as the air current forces up the kite. It is strange that, notwith* 
standing the importance of sinking the plummet under all circumstances, no mode 
of effecting this has ever been devised, but that bj simple gravity. To give the indi- 
cations to the ship, the action is as follows : — There are upon the cylinder, fig. 2, 
seven insulated conducting plates, five A, B, C, D, E the units, F Q the tens. 
There are four series of the Unit plates exposed at intervals to the action of the 
piston tongue ft, but each on the same circuit connected together underneath, as 
shown by the dotted lines. When first immersed the tongue presses on plate A above 
series 1, as shown upon the plan, and deflects the needle A as in the index, fig. 5, 
marking 1 ; it then passes on to A B, together 2 ; B above 8 ; B C, together 4, and so 
on to E above 9. The tongue a now passes on to plate F above 10, and this with the 
second series extends to 19. It then takes up F O 20 with the third series 29, and 
afterwards G alone, with the fourth series making the 89 to 40 fathoms^the full 
scope of this instrument, and deemed enough for all the purposes intended. 
Should it be required, with three additional plates, say H IJ, and three additional 
wires, with the needles, the index would extend to 100 fathoms. After the 
elucidation in the leakage gauge, and the incidental observations made, all 
further explanation of the index, fig. 5, seems superfluous. To Indicate the plummet 
at 2S fathoms the needles deflected would be F G, with D E, for 88 G with D E. 
To give the alarm, when the feeler and the plummet fall upon the ground, the mercury 
in the cup flows so as to connect the two wires running to it, and rings a bell that 
may be placed in the captain's cabin or elsewhere. The indexes may be hung; and it 
may be stated that no pitching nor rolling of the vessel will give the slightest motion 
to the deflected needle. The feeler also, by its flexibility, elasticity, and resistance 
to all friction, is a safeguard to the plummet when it touches ground. The 
instrument may be made so that the piston being hollow the spring V, fig. 4, 
may reach the entire length, and be compressed within the piston as it passes 
inwards. A hollow copper ball, L, fig 1, may be screwed to the upper part of the 
cylinder ; or under certain circumstances a few of them, connected by a chain 
may be useful in giving to the plummet the required position. As five circuits may 
be with the bell at once in action, two batteries are required. The advantages 
assumed for this plummet are the certain indication as to the absolute perpendicular 
depth at which it hangs, and the knowledge of this fact during the most rapid passage 
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withoat pulling up the ship to take a sounding. To indicate the danger of such 
pulling up, and to show the impossibility of eff jcting this operation without doing 
so by any means hitherto in use, it may be stated that when, some time ago, a captain 
of the Cunard Line ran his ship on shore whilst proceeding at a rapid rate, his 
brother captains offered an exculpation in a letter to the Times, alleging as a plea 
that to lie to under the circumstances would haye been as dangerous as to proceed. 
I feel bound to express the obligations due to my assistant, Mr. Donaldson, for his 
numerous experiments and suggestions relative to this and to the Leakage Gauge. 
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7hb district comprised within the hotrndaries of the Northern Coal-fiefld 
has been the seat of mining operations for the supply of the Metropolis 
and the South of England from a period rery remote, as compared with 
tiie general opening out of the coal-fields of Wales and Derbyshire ; 
and long ere the canals, which were formed to connect the Midland God!- 
fields with their respective markets, were constructed, the produce of this 
coal-field was brought on tramroads to the Tjne and there shipped. 

Owing to the physical configuration of the coal-fields of Northumber^ 
land and Durham, the mines were situated for the most part at 
considerable altitudes above the river Tyne, being placed, as it were, on 
the sides of the valley, thereby rendering the introduction and use of the 
canal system a matter of so much difficulty that, notwithstanding its 
general adaptability to the cheap conveyance of heavy loads, the produce 
of our northern coal mines continued to be led to the banks of the river on 
these tramroads, long after the general introduction of the canal system 
elsewhere. 

The history of the progress of the railway system, like tdbat of other 
great mechanical improvements, is a record of difficulties encountered 
acting as a spur to invention, and eventually resulting in successful 
improvement ; and it may fairly be said that, to the necessities of the 
Newcastle coal trade the world is indebted for its railways. 

The early tramroads seldom exceeded two or three miles in length ; 
they were in use about 280 years ago, and were constructed mostly of 
oak and beech timber; and of this last, extensive woods are in existence 
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in the upper portion of the county of Northumberland^ planted apparently 
about 120 years ago, up to which period the demand for timber for these 
tramroads had not entirely ceased. 

Wooden tramroads were in general use till about 1780, although cast 
iron rails were first used about 1770, but up to this time the use of cast 
iron rails still continues in some of the older private railways ; these^ 
however, are now almost always replaced with wrought iron as they are 
worn out, and may soon become matters of history. 

The conversion of the wooden tramroads into iron ones was the first 
great step iu the improvement of railways, which (after the introduction 
of wrought iron rails in 1820) assumed their present shape, as iisff as the 
general principles of construction were concerned. 

An inspection of the map which accompanies this paper, will show the 
great extent to which the railway system has been carried in these 
districts. 

The private railways are marked thereon by blue lines ; the public 
railways, whose termini are within the districts, are marked by con- 
tinuous red lines ; and the through lines, constructed for more general 
purposes, with dotted red lines. So completely has the country been 
intersected with railways, private and public, that, on an area of about 
666 square miles, comprised in the Northern Coal-field, there are only 
122 square miles, or about one-fifth of the whole at a greater distance 
than one mile, and only 221 square miles, or one third of the whole at a 
greater distance than half a mile from a railway, public or private. 

WlM. 

The total length of the private railways in the entire district is 287 
The public railways constructed for the more immediate service 
of the district, as shown by continuous red lines on the map, 
and exclusive of main lines, as under, comprise • • • • 387 

Making together 674 

The foregoing mileage of public railways is exclusive of those portions 
which have been constructed for more general purposes, and which, as 
before mentioned, have not both of their termini within the district; 
thus excluding from the calculation the main line from Darlington to 
Berwick, the Newcastie and Carlisle, South Durham and Lancashire, 
Border Counties, and Wansbeck Railways. 

The complete reticulation of the district, by means of these railways, 
will be understood from the circumstance that, within the actual limits of 
the coal-field — itself comprising about 666 square miles — there are 
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. (including all lines general and local) 609 miles of railway, being nearly 
one mile of railway for each square mile of the surface of the Northern 
Goal-field, in addition to the 1300 miles of underground railway^ as 
estimated by Messrs. Wood and Taylor in their paper^ which has been 
already read on this occasion. 

Previous to the introduction of tramroads, the old pack horse 
conveyed 3 cwts. at 3 miles per hour, and travelled on an 
average about 8 miles with his load. The cost of this mode pe'LuL 
of convey ence was about IJd. per cwt. per mile, or • . 30d. 
The introduction of macadamized roads increased the horse load 
from 3 cwts. to 18 cwts.^ and, with the same mileage per- 
formed^ the 30d. was reduced to 8|d. 

On the early wooden tramroads a horse averaged a load of 2 

tons^ further reducing the cost of haulage to • • . • 3|d. 

The immediate cost of actual haulage on private railways^ exclu- 
sive of interest on capital and wagons^ as before in cases 
wherein horses, inclines, and fixed engines are intermixed as 
circumstances require^ and with quantities varying from 
80^000 to 160,000 tons per annum^ is found to amount to 

about - •07d. 

The cost by leading with a locomotive engine costing 38s. per 
day (and with a load of 126 tons net on the ordinary local 
railways of the North of England, and in gradients reaching 
up to 1 in 100, travelling with a load about 35 miles per 
day, exclusive also of interest of engine and railway, and of 
wagons as before), amounts to about . • • • . . *lld. 

And on first-class gradients, and under most favourable circum- 
stances, with loads of 350 tons, a mileage of 60 payable miles 
at a cost of 48s. per day, this haulage may possibly be 

reduced to •• '03d. 

But this can but rarely be maintained in actual working. 
Taking even O'l of a penny as being the cost of the mechanical 
effect required to lead a ton of coals on a railway by locomo- 
tives, we have reduced the cost to 1 -300th part of that by pack 
horses, and to l-37th part of the cost of wooden tramroads. 
In order, however, more fully to estimate the relative commercial 
values of the different modes of haulage, as practised in these Northern 
Coal-fields, it will be necessary to include the other elements of expense, 
such as interest of capital, maintenance, and the cost of the different 
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descriptionB of railway required in each case^ and to compare the entire 

cost of the locomotive system with that of fixed engines and inclines as 

practised extensitely in these districts. 

lst.-^By horses, fixed engines, and inclines intermixed, with 
traffics varying from 80,000 to 160,000 tons per annum, 
including wagons, maintenance, and renewals (and with 
interest on cost of line at £1600 per mile), the total expense S!mL 
of leading coals is found to amount to an average of • . l*ld. 

Hiis is exclusive of cost of land or of the way-leaves paid in 
lieu thereof. 

2nd. — By fixed engines, and inclines without horse power, this 
expense, including, as before, with a yearly traffic up to 
400,000 tons, and a distance up to 7 miles, the total cost 
amounts to *64d. 

The particulars of this mode of leading are as follows, viz : — 

Engines, inclines, and maintenance of way, in all • • *4dd. 

Interest of cost of railways and plant 5 per cent per annum, 

rates and contingencies, exclusive of land -lid. 

Making as above '64d. 

By locomotives, and on railways of improved construction, 
includixig, as beforei this cost, with loads of about 126 tons, 
and widi gradients up to 1 in 100, amounts on an average 

of railways to *44d. 

as under, viz : — 

The cost of maintaining and working a heavy locomotive engine, 
including repairs^ ooke, waier^ stores, wages, &c., amounts 
in one year on an aven^ to £600 

To this must be added interest on capital, viz., £2300 at 5 per 

oent 115 

Making the gross cost of an engine per annum . . £715 
or say £720 per annum. 
But to maintain 3 engines in working order on a railway 4 must 
be kept, and this reduces the available number of working 
days to 234 throughout, costing 61s. for every day an engine 
works on the line, and travelling 35 payable miles with a 
load of about 120 to 130 tons, g^ves the locomotive power in 
conveyance of minerals at the rate of about 12 to 15 miles 
per hour, the sum of *17d. 
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To this mast be added the cost of wagons and interest tbereonj 

amounting to*. •« •• •. ,. ., •• '125d. 

Add interest^ maintenance, and renewals of way, rates^ £c., on 

a lead of 800,000 tons per annum, amounting in all to » . *222d. 

Making the cost of leading by locomotiTe power with 

iull employment '51 7d. 

Thus, it will be seen that the locomotiye system, although capable of 
I carrying a much greater mineral traffic, is not on the whole more econo- 
mical than that of fixed engines and inclines as now used in this district, 
E|i unless in large traffic ^ indeed, where the traffic does not exceed 400,000 
V tons, and unless the gradients are better than 1 in 100, the fixed engine 
has the advantage ; with gradients of 1 in 70 the two systems would be 
^ about on a par as regards expense. As the gradients improve or deteriorate 
the locomotive gains or loses respectively, and at a million tons has a 
superiority. 

The history of the rise and progress of the manufacture of the 
locomotive engines especially connects itself with Newcastle-on-Tyne. 
The large manufactories of Messrs. Stephenson and Hawthorn have for 
many years been, and continue to be, of the highest repute. 

In 1825, Messrs. Stephenson turned out the first locomotive on the 
Stockton and Darlington Railway, and in 1829 completed the Rocket 

It is a remarkable circumstance that, notwithstanding the lapse of 34 
years, during which the manufacture of locomotives has increased at a 
rate almost without precedent in similar matters, yet, in the general 
principles of mechanical construction, the present most improved locomo- 
tive remains very closely analogus to the Rocket. 
Railh* The leading features of the Rocket were as follows: — Cylinder, 

diameter 8 in. ; stroke, 14 in. ; driving wheels, 4 ft. 8 in. ; trailing wheels, 
2 ft. 10 in. ; heating surface, 144 square ft.; weight of engine, 4| tons; 
sfmi weight of tender, 3J tons ; horse power, 40 ; evaporating power, 18*24 
jy a/A cubic ft. of water per hour ; coke per cubic foot, water evaporated, 11*7 lbs. ; 
maximum speed, 29 miles per hour; average speed, 13*8 miles per hour. 
In the largest narrow gauge engines now constructed, the heating 
surface has been increased firom 144 to 1620 square feet, or 12 times that; 
the weight of an engine from 4^ to 38 tons ; the horse power from 40 
; to 1300. 

Since the commencement of the manufacture of locomotives about 
2400 have been turned out by the manufacturers of Newcastle, and up- 
wards of 900 of these have been sent abroad. 



Baihm 



J 



328 

Taking an average cost of £2000, from the commencement 
to this time, the gross value of the exported locomotives 
from Newcastle amount to £1,800,000 

Adding those manufactured for use in Great Britain and 

Ireland at £1500, would give a further sum of . . 2,700,000 

Making the gross value of the locomotives from Newcastle 
to amount in all, since the commencement of the manu- 
facture, to £4,600,000 

Of the £4,500,000 nearly one-half is represented by material pur- 
chased by the manufacturers in various stages of completion. Thus work 
to the value of upwards of £2,000,000 has been furnished by the manu- 
fecturers of Newcastle to the other branches of industry connected with 
their trade. 
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REPORTS ON THE IMPROVEMENTS 



THE RIVERS OP THE DISTRICT. 



THE TYNB J. F. UBB, C.E. 

THB WBAB T. MBIK, O.K. 

THB TBB8 J. FOWLBB, O.B. 



ON TRC 

IMPBOVBMENTS NOW BEING CARRIED OUT 

ni 

THE RIVER TYNE. 



JOHN FRANCIS URB, C.B. 



Thb intention of the present paper is to give a short account of the 
improvement of the River Tjne under the plans now being carried out. 

When the writer was appointed engineer to the Tyne Improvement 
Commissioners^ in 1859^ certain works had been constructed and others 
were in progress. 

Of these^ the most important were the river walls^ which had been 
partially constructed between the Bill Point and the Jarrow Slake^ very 
much according to the plan laid down by the late Mr. Rennie^ in 1813 ; the 
Northumberland Dock, made by the River Commissioners^ having an area 
of about 50 acres^ opened in 1857 ; the Tyne Dock, of a similar area, by 
the North-Eastem Railway Company, opened in 1859 ^ and the Piers 
Works at the entrance of the river, now about half completed, and then 
about half their present extent. 

The river at that period (1859) was much the same as in 1855, when 
its state was examined, and, after a long and careful inquiry, reported on 
by a Royal Commission, of whom the late Mr. Brunei, Admirals Bowles 
and Fitzroy, lieut-Oeneral Sir John Bell, and Robert Armstrong, Q.G., 
were the members. They state in their report, in relation to the past 
history of the river, as follows : — 

Dtnmcr the last two or three centuries all the eridence would lead to the con- 
cloaion that a yeiy general similarity has beea maintained in the state of the l^e 
notwithstanding^ local and partial changes. 

In the present century much more exact surveys have shown a similar result, 
namely, that notwithstanding encroachments on both banks, and many artificial 
works executed with various objects, the narigable state of the river has not been 
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much altered. Whether it haa been improyed, and whether the works in progress 9x<e 
likely to improve it or otherwise, are matters of opinion, rather than fact, on whidki 
parties differ materially; but the preponderating evidence of g:pod authorities 
encourages a belief in some improvement. 

That this should still be only matter of opinion needs explanation. FormeAj 
ships sailed up and down this river, and required greater width of channel than is 
now wanted for steam navigation. At present the channel is less winding and 
deeper, but it is not so wide as it was; and although the passage for steam-moTed 
vessels appears to be improved, the navigable condition for ships under sail, except 
with a fair wind, is probably to a certain extent deteriorated. 

When the writer came to consider the state of the river, with the view 
of recommending a plan for its improvement, he found the accommodation 
for vessels resorting to it to be very deficient ; the expenses for lighterage, 
from the manufactories which are principally situated in the upper part of 
the river, to the larger class of vessels which did not ascend above Shields 
harbour, to be large ; the shifidng character of the sands rendered uncertain 
the depth at the coal shipping places and factories on the banks ; it was 
not unusual for vessels to be detained two months, and even longer, with 
their crews on board waiting for moderate weather, with a tide sufficiently 
high to be able to cross the bar; deeply laden inward bound ships had a 
corresponding difficulty in arriving, which operated to prevent the Tyne 
becoming an import port ; its entrance was dangerous with on-shore gales; 
the Insand and Middle-ground stretched nearly across the entrance to the 
harbour, and in rounding it, vessels, particularly if long and deep laden, 
had to come nearly broadside on to the tide, when much damage was done, 
especially when vessels left in fleets, which was frequently the case after 
stormy weather, to the extent of 200 and 300 vessels in one tide, in 
addition to those entering. This danger became of increasing magnitude 
with the increasing size of vessels. The passage through Shields harbour 
was very shoal, so that deep-laden vessels could not leave the docks and 
take the bar at high water of the same tide, which involved theur staying 
in the harbour after leaving the docks till high water of the following tide, 
thereby incurring considerably increased expense. 

Between the Northumberland Dock and Newcastle, the small river 
steamers grounded on some of the shoals for two and three hours at low 
water of spring tides, and vessels of but small draft, about 13 to 15 feet, 
could ascend the river to Newcastle, and these only at spring tides. 
Above Newcastle the navigation was only used by keels, which were 
interrupted in their passage by not being able to pass over the Scotswood 
shoal at high water of neap tides. 
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The deficiences in the navigation were comparatdyely little felt in the 
olden time, when the Tyne was the only outlet for the comparatiyely 
small produce of the coal-fields of Durham and Northumberland in the 
class of vessels of about 16 feet draft, then mostly employed in carrying 
on the trade — ^which was principally coasting and short foreign — ^but 
when a larger and deeper drafted class of vessels came to trade to the port, 
to carry the greatly increased quantities of coal required to supply the 
Bteam marine of a large portion of the world, the detentions and risks 
became serious. 

These inconveniences, and their consequent expense, were the cause 
of much serious complaint, and were diverting the trade and commerce 
natural to the river — ^which the railway system made easy to do — to be 
developed at other places where improved provision had been made for 
its accommodation. 

Having explained some of the commercial features of the time when 
the writer had the plan for the improvement of the river under consider- 
ation, he will now give a few of its principal physical features from 
observations then taken. The rise of an average spring tide at 



Tynemouth, was about 


Ft In. 

14 8 


Hebbum 


12 8 


Below Newcastle Bridge 


11 9 


Above Newcaatle Bridge 


11 6 


ScotBwood 


7 9 


Newbum 


8 11 



Ryton was the limit of the tidal flow, and of the Conservancy. 

The high water of average spring tides was level between the sea 
and Newcastle, and rose about 12 inches higher at Newburn; but very 
high spring tides scarcely filled the tidal receptacle at Newcastle. 

The high water of an average neap tide rises 4 to 5 inches higher at< 
Newcastle, and about 11 inches higher at Scotswood than at sea; it does 
not reach Newburn. The rise of an average neap tide was, at 

Ft In. 

T^emonth 6 6 

Hebbum 6 6 

Below Newcastle Bridge 6 7 

Above Newcastle Bridge 6 7 

Scotswood 8 5 

The high water of average spring tides rose higher than the high water 
of average neap tides, about 4 feet at Tynemouth, 3} feet at Newcastle, 
and 3^ feet at Scotswood. 
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The average travel of the tidal wave between Tynemouth and New- 
castle varied^ but with average tides it was 8 to 12 miles per hour, and 
the spring tide wave between Newcastle and Newbum was about 12 to 
18 miles per hour. 

At that time^ during average spring tides^ there was S0| feet of water 
at high tide on the bar. Within the bar^ near to the Narrows^ on the 
north side of the channel, a dangerous hard projection called the '^ Stones ^ 
existed, but which had been partially removed ; and immediately above, 
on the opposite side of the river, projected the Insand and Middle-ground. 
A little further up from the north shore projected the Dortwick sand, with 
about 6 feet on it at low water ; higher up was the Jarrow shoal, above 
which there were several shoals having not more than 8, 4, and 5 feet on 
them at low tide. Above Newcastle, at low water, the bed of the river 
was a great sandbank, through which the land waters drained — a great 
portion of the channel not being more than a few inches, and most of 
the remainder not more than from 2 to 3 feet deep. 

The places where trade was conducted and vessels lay were mostly at 
the bends on the concave side of the river, where the current had scoured 
deep water, as between the Low Lighthouse and New Quay, North 
Shields, where the depth at low water was 15 feet to 21 feet; opposite 
South Shields, between Panash Point and Tyne Docks, depth 12 feet to 
18 feet; the Killingworth Staiths, 10 feet; the Pelaw Staiths, 10 feet 
to 12 feet ; the Tyne Main Staiths, 7 feet to 8 feet ; Blaydon, 3 feet to 
6 feet, and severarother such places ; and Newcastle, where the deepen* 
ing of the channel was due to the contraction of its width, the depth at 
the Quays was 6 feet to 6 feet, with two short berths about IS feet. 

A general comparison of the observations taken by me in 1859, with 
those left on record by Mr. Rennie, taken in 1813, shows the high water 
to be about the same at both periods, but that the low water level at 
Newcastle had been depressed during that period about 14 to 18 inches, 
lessening toward the aea. 

In the year 1859, the number of vessels that arrived in the river was 
18,878, having 3,143,857 register tonnage, and they carried altogether, 
including imports, exports, ballast, &c., about 5,500,000 tons; there was, 
in addition, carried on the river in keels, about 2,000,000 tons, and about 
1,000,000 tons of dredging material and factory rubbish carried along 
the river to be deposited at sea. 

With these data, the writer prepared a plan by which he intended to 
take a comprehensive view of river improvement, and which could not 
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fail^ if successfdllj carried out^ to benefit materially all the interests 
situated on the banks of the Tyne. This^ plan^ in 1860, was submitted to 
the River Commissioners, and approved by them; and received the 
sanction of Parliament in the session of 1861. 

A portion of the plan sanctioned by Parliament was a dock of about 
40 acres area, known by the name of the Low Lights Dock, designed 
with the view of affording better accommodation to the larger class of 
vessels, effecting a saving in towage and pilotage, and enabling that 
portion of the steam coal-field which is situated on the seaboard to ship 
the coals irom it with a somewhat shorter railway lead; but as the dock 
does not necessarily form a portion of the river improvement, which it is 
the intention of this paper to draw attention to, it wiU not be further 
alluded to. 

The plan of river improvement contemplated the deepening, widening, 
and straightening of the river, irom the sea to the limits of the Commis- 
sioners' jurisdiction, near Ryton, a distance of nearly 20 miles inland, so 
as to make a channel easily navigable for the largest vessels, between the 
sea and Shields harbour, the docks there, and Newcastle; and for such a 
class of vessels in the upper part of the river as can be passed under the 
High Level Bridge, at Newcastle, a sufficient depth of water to be carried 
up to the river walls for the purposes of traders having establishments 
on the banks. 

To give effect to these views, the plan provided for a depth at high 
water average spring tides of 29 feet irom the sea to the docks ; thence 
to Newcastle, 26 feet; and thence to Ryton (the boundary of the Com- 
missioners' jurisdiction) 23 feet ; at average neap tides, the high-water 
depth would be about 8 to 4 feet less. 

This would give a low-water depth at spring tides of about 15 feet up 
to the docks, 12 to 13 feet thence to Newcastle ; and above Newcastle, 
10 to 11 feet; at average neap tides the depth would be 3 to 4 feet more; 
and to give a safe and easy navigation at the abrupt bends, for the larger 
class of vessels expected to use the river in its improved condition, it was 
intended to remove all projecting points that would be difficult to navigate, 
as, for instance, the Stones, the Insand and Middle-ground, Whitehill 
Point, Bill Point, Bill Quay Point, Felling Copperas Point, Friars Goose 
Point, and other smaller points; and above bridge, to cut a straight 
channel between Scotswood and Lemington, and to remove other projec- 
tions, and form a uniform navigable channel, leaving the existing channel 
at Blaydon to be deepened and used as a tidal basin for the accommodation 
of the trade located there. 

u u 
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The width of the river would then be — in Shields harbour, 1000 to 
1400 feet; gradually diminishing to 850 feet at Howdon; 700 feet at 
Hebbum; 600 feet at Newcastle, except at the narrowest part, where the 
Quay walls are already constructed to the limited width of 360 to 400 
feet; 500 feet above Newcastle Bridge ; 450 feet at Scotswood ; and 400 
leet at the boundary near Ryton. 

To admit masted ships into the upper river, a bridge, in lieu of the 
existing Town Bridge at Newcastle, was provided ; the two centre spans, 
eaeh 100 feet wide, to swing open ; when it was expected that sailing 
vessels up to 400 tons, screw steamers up to 1000 or 1200 tons, would 
use the upper river, and receive their cargoes without transhipment or 
lighterage ; and that vessels of any size, the Great Bastem not excepted, 
could be built and engined there. 

Hie estimated capital expenditure to complete these works, with the 
purchase of land, Ac, was £950,000. 

The improvements just indicated would, when executed, give to the 
river a channel greatly exceeding its natural capacity, the formation of 
which the writer intended to accomplish and maintain by dredging ; and 
remove the projecting points by blasting, excavating, diving, and the 
other usual means. The cost of maintenance of this channel he estimated 
to be moderate. 

The piers at the entrance of the river, which were being carried out 
under the. direction of the late Mr. Walker, the writer relied on for shelter 
when dredging in the open sea ; but from the slow progress which these 
works have made, he has not yet received the fiill benefit from this source 
that he expected, though no doubt it will be so as they advance. These 
works have ahready considerably protected the entrance to the port, and 
will increase in value as they approach completion, by giving increased 
shelter to vessels entering the harbour, by dispersing and dissipating the 
waves after they have passed their heads, thus enabling vessels to bring 
up in comparatively quiet water; and the shelter so afforded will permit 
of the dredging machinery being applied effectually to deepen any 
requisite area inside of them that may be found requisite either for refuge 
or the ordinary operations of commerce. 

The estimated expenditure to complete the piers into a depth of thirty 
feet at low water, as made by Mr. Walker, was £660,000, that being the 
depth into which the Commissioners have at present resolved to carry 
them. 

When the improvements of the river are carried out, the writer 
anticipates that the high water will rise about one foot higher at 
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Newcastle, and two feet higher at Ryton than at the sea; that the 
tidal column at the sea will be carried inland to the Ii^uts of the 
improvements; that the tidal wave will be accelerated to an average 
speed of sixteen to twenty miles per hour ; and that the great additional 
momentum due to the increased column of tide and greater area of 
receptacle, chiefljr in the upper parts of the river, and the increased 
sectional area of the channel, by allowing a more rapid discharge of 
the freshes, will greatly add to the scouring power of the tidal and flood 
waters on the river, but more especially on its sea channels. 

Towards carrying out these works some propress has been made. 

The Stones, the Insand and Middle-ground, the Dortwick Sand, a 
large portion of the Whitehill Point have been removed, the general river 
has been deepened to such an extent that there will be shortly— probably 
during the present year — ^the depth of water, between the sea and the 
docks, contemplated by the original plan. The river up to Newcastle has 
been so far improved, about two to three feet, that the small passenger 
steamboats are never interrupted in their passage at low water, and the 
passenger steamboat traffic has thus been enabled to be established, the 
increased depth at the same time benefitting the general trade, and the 
upper river can be navigated by keels during all tides. 

There has been already provided, or is under contract for delivery 
during the next three months, dredging plant consisting of six dredging 
machines, seven tug steamboats, forty hopper bargee, ten screw hopper 
barges, ten craft, repairing shops, Ac, of the value of about £250,000, 
which is capable of raising out of the bed of the river about two and a 
half to three millions of cubic yards per annum. 

Plans are in progress, and nearly completed, for the removal of Bill 
Point and Friars' Goose Point, and the reconstruction of Newcastle Town 
Bridge as an opening bridge. 

The writer has hitherto every reason to be satisfied with the results 
attending the prosecution of these works, and does not entertain any 
doubt of their ultimate success. He fully expects that in about four 
years hence the improvement will be completed up to Newcastle, and in 
about four years afterwards up to the boundary at Ryton. 

The only modification of the plans just described is the endeavour 
now being made to bring 20 feet water at low tide frt)m the sea into 
Shields harbour in place of 15 feet, as originally intended ; and the only 
further deviation at present contemplated is, to make a portion of Shields 
harbour and adjoining river 26 to 28 feet deep at low tide, in place of 
15 feet, as originally intended, in order that the very largest vessels may 
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then be able to float there at all times of tide ; -a result which it is hoped 
may be accomplished during the next or following year. 

Already, with the improvements made, there is little detention to 
shipping, and large vessels are frequenting the port in increasing numbers. 
The ease of entrance, as well as exit, combined with providing proper 
accommodation for cargo, will, the writer anticipates, at no distant date, 
be the means of establishing an import trade, as ships chiefly now arrive 
light in ballast. And he would expect that the general facilities afforded 
by an improved river, which, in fact, will become a deep and spacious 
harbour, nearly 20 miles long, and from 400 to 1400 feet wide, will be «o 
valuable as to add vastly to the industrial pursuits and commerce carried 
on on its banks ; and by no means the least expectation he ventures to 
indulge is the hope that the vessels of Her Majesty's Navy — the Channel 
Fleet, if wished — may freely enter and leave our port, and be well 
accommodated when in it« 
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1&4G 




33,333 














.33,333 


1847 




68,896 














68,396 


1848 




41,993 














41,993 


134y 




74,993 














74,993 


1850 




66,462 














66,452 


1851 




79,221 














79,221 


1662 




91,632 














91,632 


1853 




97,629 















97,629 


1854 




66,376 















56,376 


1865 




67,264 


80,623 












97,887 


t85C 




67,181 


97,028 












154,209 


1857 


111,720 


72,690 


130,137 


89,219 










243,666 


1868 




64,396 


171,868 


89,153 










315,417 


1869 




90,372 


207,249 


198,781 










496,402 


1860 




124,471 


282,376 


266,988 










673,885 


1861 




122,411 


236,348 


25,178 


138,406 


224,689 






746,932 


1862 




173,795 


256,581 




582,061 


852,107 






1,864,544 


1868 




167,964 


204,964 




690,416 


911,090 


426,076 


174,343 


»2,473,853 


■ 


118,623 


1,631,726 


1,617,174 


619,319 


1,310,883 


1,987,786 


425,076 


174,843 


7,884,829 



• Commenced work 14th May, 18 J8, and ended ««nd February, 1W8 t Commenced work «6th June, lt»48. 

X Commenced work lOth Ju y, 1855. § Commenced work QQih April. 1857, and ended 14ih February, 1861. 

li A hired dredgex. IT Commenced work 12th July. 1H61. ** Comraencea work I7ih July, IMl. 

tf Gommenoed work S7th July, 1868. U Commenced work 6th October, 1868. 

U The qoaatity which will be dredged this year (1864) is expected to reach between 4,000.000 to iflOOfldO tons. 



OS TKE 

IMPROVEMENTS IN THE RIVER WEAR. 



C^mpaed by WM. DUNCAN, from Documents furnished by THOS. MBIK, C*E, 



A l)CTAiLEt> account of the improvements that have taken place in the 
river Wear and at the port of Sunderland since the year 1717, when an 
Act was passed appointing a bodj of Commissioners charged with the 
conservancy of the river, would be a history of a marvellous series of 
changes in the physical features of a stream but indifferently favoured by 
Nature for subserving the purposes of commerce. Instead, however, of 
minutely recapitulating the progressive improvements, we shall merely 
glance at their leading features, and show how they have tended to increase 
the trade of the port, and to stimulate the industrial energies of the people 
of Sunderland. 

The jurisdiction of the Commissioners over the river extends to Biddick 
Ford, about 9 miles from the bar; within the port and haven their 
boundaries are — From Souter Point, about 2J miles from the bar, 
towards the N.E., and so into the sea to 10 fathoms at low water j and 
from thence in a direct line until it falls opposite to Ryhope Dene, about 
4 miles towards the south. 

Passing over various important works carried out within these limits 
by the early engineers to the Commissioners, in the construction and 
lengthening of piers, and in removing obstacles to the safe navigation of 
the lower part of the river, we come to the year 1813, when the Com- 
missioners resisted certain encroachments which had been attempted on 
the shores of the Wear, on the ground that embanking the salt marshes 
in the higher reaches would be injurious to the navigation. Following this 
step on the part of the Commissioners, a survey of the river, port, and 
haven was carried out, in accordance with the provisions of a new Act of 
Parliament, by Mr. Giles, under the instructions of Mr. Rennie, and, on 
his death, it was completed by his son, afterwards Sir John Bennie. 
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Upon the cL.irt drawn up from this sur7ej was delineated a line called 
" The Quay Line," beyond which it was not lawful for any person to erect 
any work whatsoever. This quay line' was confirmed by a subsequent 
Act of Parliament (11 Geo. IV.) in terms of which the Admiralty exer- 
cises a controlling power over all quays built on the river. 

While provision was thus being made for conserving the tidal flow of 
the Wear^ great improvements had been efitscted at the mouth of the river, 
and up to the year 1843 operations were from time to time carried on 
with the view of extending and strengthening the piers, which by that 
time had been carried out to their present lengthy viz , the north to lO&O 
feet, and the south to 1600 &et. The narrowest width of the harbour 
mouth was 330 feet, and on the bar there was a depth of 4 feet at low- 
water of ordinar" spring tides. It is interesting to note the great fluc- 
tuations which have taken place in the depth of water on the bar. In 
1688 it was 1 foot; and in 1737 it remained the same. In 1833 it was 
S feet 10 inches ; and in 1844 it was, and at present is, about 4^ feet. 
At the time of its greatest depth in 1844, and at various periods since 
that date, the Commissioners have dredged the bar, and these operations 
have materially assisted in the maintenance of that depth. The average 
quantity of material raised since 1844 from the river and docks will be 
about 360,000 tons, at an average cost of 4d. per ton. 

Notwithstanding the improvements which had been carried out by 
the Commissioners, much inconvenience began to be felt between the 
years 1886 and 1830 through the limited accommodation aflbrded by the 
harbour for the mooring of large fleets, and great dissatisfEustion was 
caused by the injury which large and valuable vessels occasionally sus- 
tained in the river. The average breadth of the harbour was about 350 
feet, and its actual capacity did not exceed 80 acres. Schemes for the 
formation of wet docks had been propounded, in 1794, by Dodds; in 
1807, by Jessop; in 1839, by Robert Stevenson, of Edinburgh; and in 
1831, by Brunei and Giles. The plans of the two latter engineers were 
submitted to Parliament, but both were rejected* Mr. George Rennie 
and Mr. Walker were employed, in 183S, to prepare designs for a small 
dock on each side of the river, and the Commissioners deposited these 
plans in Parliament ; but they abandoned the north side dock, in conse- 
quence of a wish expressed by the original proprietors to carry out the 
plans themselves under the sanction of a charter, while, on the south 
side, they were threatened with an opposition sufficiently powerful to 
lead them to give up the project. In 1836, however, '*Wearmouth 
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Dock " was commenced on the north side bj a private company. Its 
whole extent was under six acres, and in 1888 it was opened for traffic. 
Independent of its unsuitableness in several other respects, it laboured 
under the serious disadvantage of its entrance being exposed to the range 
of heavy seas that rolled up the harbour in stormy weather. It never 
remunerated its proprietary ; and in 1847 it was sold by them to the 
York, Newcastle, and Berwick Railway Company — ^now incorporated with 
the North Eastern Railway Company— in whose possession it still 
remains. In the session of 1846, Parliament sanctioned a project for the 
construction of docks on the south side of the riv^, Mr. Qeorge 
Hudson, then one of the members for the borough, was the chief sup* 
porter oi the scheme, for the carrying out of which a joint-stock Company 
was formed. 

Reverting to operations on the river, we find that the great feature 
of harbour improvement— the Quay Line— had by this time scarcely got 
beyond the drawing on the chart which GUes prepared and Rennie 
sanctioned. The great difficulty was to give the utmost accommodation 
to the landowners, and yet to preserve the river. Many impediments, 
consequently, presented themselves, arising from the points at the bends 
of the river, or from the projection of existing works, both of which 
would hflive caused too great an expense to remove. Any general scheme 
of improvement in the upper part of the stream was therefore abandoned, 
and conservancy only was aimed at ; but measures were adopted for 
directing the tidal water into the main channel, while, by persistent 
dredging of the lower part of the river, and facilitating the ebb of the 
tidal water, a scour was created which operated beneficially upon the 
whole extent of the stream. In this improvement the construction of 
the piers and other works had materially assisted. 

The conflicting opinions of experienced engineei's on the effects of the 
piers is rather remarkably illustrated by a comparison of the views of 
Mr. Jessop, the engineer to the Commissioners at the beginning of the 
present century, and those of Sir John Rennie, as expressed in a discus- 
sion which followed the reading of a paper, by Mr. Murray, on Sunder- 
land Harbour, at a meeting of the Institution of Civil Engineers, in May, 
1847. Forty years previous, Mr. Jessop made a report to the Commis- 
sioners, in which he says he 'Ms of opinion that it would have been 
very desirable if the whole of the South Pier had been carried out more 
southerly, either in the direction proposed by Mr. Smeaton, or still more 
to the south, so as to. have increased the capacity of the harbour withoui 
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increasing the width of its entrance." On the other hand^ Sir John 
Rennie, speaking with the result of accomplished &cts before him^ says, 
"Several engineers had, in their reports, insisted strongly upon the 
extremity of the South Pier pointing in a southerly direction. It was 
certain, if that system had been persevered in, the harbour would have 
been destroyed." 

The commencement of Sunderland Docks introduced a new era in the 
progress of the port ; for, with the existence of a company having in 
certain respects rival interests, the Commissioners seem to have made 
special efforts to improve the position of the Trust, whose income they 
saw would be considerably increased by the dues to be derived firom coals 
shipped in the docks. On turning to the reports of Mr. Meik (who had 
succeeded Mr. MuiTay as engineer to the Commissioners) we find, that in 
June, 1850, the attention of the Board was directed to the propriety of 
carrying out certain works, mainly for the purpose of breaking the roll 
of the sea up the harbour. In accordance with instructions from the 
Commissioners, Messrs. David and Thomas Stevenson subsequentlj 
reported on the agitation in the lower harbour, and on the question of 
river improvement generally. They recommended the execution of some 
extensive works, a portion of which, as originally suggested by Mr. Meik, 
was ultimately carried out, in the removal of a considerable part of the 
South Pier, to admit of the formation of a silting basin -, the result of 
which was soon made manifest in a great diminution of the sea disturbance 
in the harbour. 

The great revolution in shipbuilding, caused by the introduction of 
iron, began to show its effects about this period ; and in July, 1852, 
Mr. Meik proposed an abandonment of the quay line of 1819, as laid down 
by Sir John Rennie, with the view, principally, of affording facilities for 
iron shipbuilding, by increasing the available land along the river side. 
He submitted that the progress of engineering science since the date 
of Rennie's plan had shown that there was little or no advantage to 
be derived from allowing water to spend itself over large flats and salt 
grasses, and that the adoption of the quayage which he proposed in 
place of Ronnie's would, in conjunction with a deepening of the river in 
its higher reaches, increase the range of the tidal flow, and yield a clear 
gain of ten million cubic feet of tidal water entering and leaving the river 
twice in every 24 hours. In closing his report Mr. Meik thus antici- 
pates a state of things which has since been fully realized : — '^ I need not 
mention that iron screw colliers are at present building for our coasting 
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trade. What may be the result of the substitution of such vessels for our 
sailing colliers is difficult to predict ; but, should they prove successful, 
iron will become general in shipbuildings and the coal trade will be 
revolutionized." 

Much discussion followed at different meetings of the Commissioners 
upon the proposed radical alteration of the quay line^ which was ultimately 
adopted, and in October, 1853, received the statutory sanction of the 
Admiralty. During all this time dredging operations were steadily perse- 
vered in from Pallion (about 3 miles from the bar) to the mouth of the 
harbour. Pallion Gaunch and the Minikin Sands — two serious obstacles 
to the navigation of the upper reacTies — were removed, and the quay line 
having been partially carried out, a marked improvement in the depth 
of water resulted at different points where the owners of the land had 
carried out quays to the new line. 

The construction of the docks, as already stated, conlmenced in 1848, 
the land on which they were built presenting the somewhat peculiar 
feature of being artificially formed. For many years the sea had been making 
rapid encroachments on the Town Moor. To prevent this, Mr. Murray, 
engineer to the Dock Company, threw out various groynes or jetties, the 
effect of which was the trapping and accumulation of masses of sand and 
shingle, so as to form an artificial beach, which acted as a barrier to the 
sea, and preserved the Moor from ftirther destruction. In carrying out 
this novel system of land-making, the dock wall was made to extend 
parallel to the Moor, being distant the width of the dock from the edge of 
Moor, and this wall was supported and strengthened by the groynes already 
referred to. These groynes (some of which, on a smaller scale, have been 
formed to the east of the existing docks) were strong arches of masonry, 
filled up with rocks and stones within, and somewhat resembled a cone 
cut up the middle and laid on a flat surface. They were about 500 feet 
in length and 20 feet high at their highest end, gradually tapering to 
the other point, which extended seaward nearly at right angles to the 
coast. They were placed at distances averaging from 400 to 500 feet 
from each other, and the intervals between them were gradually filled in^ 
partly by the deposits washed into them by the sea, but chiefly by 
excavations from the site of the docks. 

The works were carried to a successfril termination, and on the 20tb 
of June, 1850, the " South Dock" was formally opened, the entire water 
space, including the half-tide basin, being 21| acres. The grand feature 
in, connection with this great addition to the shipping accommodation of 

X X 
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the port was the formation of an outlet with a half- tide basin of IJ acres 
leading direct from the docks into the sea, independent of the river. This 
gigantic undertaking was not completed until the year 1856, by which 
time an extension of 13 acres to the original dock space was also finished, 
the cost of the docks and outlet having been about £700,000. By means 
of the sea outlet, a rapid bound was at once made in the commercial 
position of the port. Until that work was carried out, vessels of more 
than 700 or 800 tons burthen did not resort to Sunderland, but a depth 
of water equal to 22 J feet on the outlet's inner sill at high water of spring 
tides (being 4 or 5 feet more than on the bar of the river) began at once 
to attract ships of 1,000 or 1,200 tons and upwards to the docks. In a 
few years we accordingly find that the exports of coal had risen 
enormously. In 1846 they amounted to 1,381,262 tons ; in 1857 they 
had reached 2,4^3,116 tons ; while the increase in the average tonnage 
of vessels built in the port had increased fully 20 per cent. Advantages 
resulting from this state of things were soon experienced throughout the 
borough, and in the course of a few years nearly 100 new streets were 
laid out and upwards of 1200 houses erected. So popular, indeed, did 
the docks become, that notwithstanding the low rate of interest which 
they had yielded to the shareholders, the Commissioners, in deference to 
the almost unanimous wish of the inhabitants, as well as in accordance with 
their own desire to put an end to rival and occasionally conflicting 
interests, promoted a bill in the Parliamentary session of 1859 for the 
purchase of the Docks by the Trust. The bill eventually passed, and under 
its provisions the Commission, which had previously been a self-elected, 
became in a great measure a popularly -chosen body. Under the Act 
of 1859, several new works on a large scale have either been carried out, 
or are in course of construction, designed by Mr. Meik, and executed 
under his direction ; chief amongst which is a further extension of the 
docks and sea outlet, by which 6 acres will be added to the docks in 
the spring of 1866, making a total of 42 acres of dock accommodation, 
inclusive of basins. When the extension of the outlet is completed, its 
piers will enclose a water area of 28 acres, with the advantage of an 
additional means of communication between the outlet and the docks. A 
second and much larger graving dock than the one now in use will be 
finished in November, 1864, and by the end of 1865 the harbour, at 
the Narrows, will be cleared, at a cost of £6,000 or £8,000, of a series 
of rocks which imperil the safe navigation of the larger class of screw 
colliers that now load above Wearmouth Bridge. 
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In summing up the extent of industrial progress on the Wear at 
different periods within the present century the following facts may be 
presented by way of contrast : — 

In the year 1800^ the gross annual revenue of the Commissioners was 
£6,000. Between 1840 and 1860 it ranged from £12,000 to £16,000. 
In 1863 (4 years after the purchase of the docks) the gross receipts from 
the docks were £62,036 ; from the river, £36,642 ; making a total of 
£87,678, out of which, however, there had to be paid a sum of £18,326 
as interest to the shareholders of the docks. 

In 1800 the number of vessels registered at the port was 614 1 in 
1829, 626; in 1863, 1,000, with an aggregate tonnage of 232,077. 

In 1826 the exports of coal amounted to 1,330,414 tons ; in 1863, to 
8,081,166 tons. 

In 1846, 7,036 vessels cleared from the port; in 1863, 11,889. 

In 18S6; 98 vessels, representing an aggregate tonnage of 26,134, 
were launched on the Wear; in 1863, 171, with an aggregate tonnage 
of 70,140, the total value of which would be about three-quarters of a 
million sterling. 

In 1800 the Customs' receipts were £11,480; in 1863, £87,000. 

At the beginning of the century the glass trade of Sunderland was 
quite insignificant ; now, there is yearly manu&ctured about 7,000 tons 
of window glass and 23 millions of glass bottles, the aggregate value of 
which is nearly £300,000. 

In the midst of all this material progress, the population of the borough 
has increased in a corresponding ratio. In 1802 it numbered 19,120 ; 
in 1861, 63,897; at the census, in 1861, within the Parliamentary 
boundary, it was 86^748 ; within the municipal boundary, 80,324. 

Other statistics might be quoted to show the extraordinary impetus 
which has been given of late years to the manufactures of the borough ; 
but although they might iairly be cited as the immediate results of the 
policy which has been adopted in regulating the afiairs of the port, they 
could not be legitimately embodied in a paper which professes to treat 
mainly of the river Wear and docks at Sunderland. 
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EXPOBTS FROM SUNDERLAND OF COAL AND COKE. 



Tear. 


Tons. 


Year. 


Tom. 


1826 ... 


1,330,414 


1845 ... 


1,414,839 


1826 ... 


1,378,455 


1846 ... 


1,881,262 


1827 ... 


1,308,225 


1847 ... 


1,621,303 


1828 ... 


1,326,593 


1848 ... 


1,662,695 


1829 ... 


1,497,059 


1849 ... 


1,619,354 


1880 ... 


1,387,426 


tl850 ... 


1,718,427 


1881 ... 


1,255,896 


1851 ... 


1,643,024 


1832 ... 


1,203,802 


1852 ... 


1,789,795 


1883 ... 


1,349,068 


1863 ... 


... ;.. 1,838,867 


1834 ... 


1,111,760 


1864 ... 


1,871,363 


1835 ... 


1,088,829 


1855 ... 


1,890,926 


1836 ... 


1,166,414 


1856 ... 


2,204,898 


1837 ... 


1,331,488 


1867 ... 


2,483,116 


1838 ... 


J,277,649 


1858 :.. 


2,560,104 


1839 ... 


1,282,486 


tl869 ... 


2,606,618 


•1840 ... 


1,318,497 


1860 ... 


2,979,468 


1841 ... 


... ■«■ X,<>4o,«7oU 


1861 ... 


8,108,462 


1842 ... 


1,242,061 


1862 ... 


3,151,027 


1843 ... 


1,194,723 


1863 ... 


3,081,166 


1844 ... 


1,045,361 







MISCELLANEOUS IMPORTS AND EXPOBTS IN 1863. 
Imposts. 



Timber 

Iron 

Grain 

Chalk and pyrites, &c. 

Props 

Flour 



117,216 loads. 

11,450 tons. 

70,757 qrs. 

80,649 tons. 
106,234 doz. 
2,255 tons. 



EZPOBTB. 



BoUles 
Earthenware 
Lime 
Iron 



14,878 tons. 
3,734 crates. 
41,177 tons. 
31,381 tons. 



* North Dock opened. f South Dock opened. 

X South Dock passed into the hands of Biver Wear Commissioners, July, 1869. 
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SHIPBUILDING ON THE WEAR. 

Year. No.ofVM«ela. Total Tonnage. Aver«g« Tonnag*. 

1835 98 26,134 266f 

1836 114 27,703 248 

1837 128 32,343 252^ 

1838 180 43,512 242 

1839 247 69,441 240* 

1840 251 64,446 256f 

1841 141 40,396 286* 

1842 107 26,837 250*^ 

1843 85 21,377 250^ 

1844 100 27,131 271J 

1845 131 38,260 • 225 

1846 133 41,835 314^ 

1847 148 46,901 316i 

1848 142 37,878 266f 

1849 155 44,333 292 

1850 168 51,374 325J 

1861 146 51,823 356 

1862 142 66,646 399 

1863 153 68,736 449* 

1854 151 66,929 443* 

1856 161 61,169 405J 

1866 154 63,049 409 

1867 143 54,780 383 

1858 110 42,003 3811 

1859 100 87,184 371f 

1860 112 40,201 366f 

1861 126 46,778 371* 

1862 160 66,921 355i 

1863 171 70,140 410 

The aggregate tonnage for the year 1863 included 17,724 of iron 
steam and sailing vessels. 
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BE IMPROVEMENTS IN THE RIVER TEES. 



J. FOWLER, C.E. 



BB Tees takes its rise in the mountain range which marks the meeting 

f the counties of Cumberland, Westmoreland, and Durham. After 

.ursuing a circuitous easterly course for about 100 miles — during a 

:onsiderable part of which it separates the county of Durham from 

forkshire—it falls into the German Ocean. The area of its basin is 

apwards of 700 square miles. Below Stockton Bridge, though its banks 

widened, its circuitous character was still retained. There, also, a new 

feature in the shape of islands appeared ^ and as these were attended 

with sandbanks and shoals, which shifted with the variation of the wind 

and current, they proved a great drawback to the trade of the river, as 

they rendered its navigation at once uncertain and difficult. Indeed, it 

was nothing uncommon for vessels to be as long in reaching Stockton, 

after entering the river, as in sailing from London to the Tees. Between 

Cargofleet and the sea, it expands into an estuary of 13 square miles, the 

bed of which is for the most part composed of loose moveable sand. 

The tide flows to Highford, above Worsal, which is distant about 27 miles 

from the sea. For sea-going craft, however, the navigation extends 

only to. Yarm, 8 miles higher up the river than the town of Stockton. 

Yarm seems, at one time, to have been a place of considerable importance. 

It had its own shipbuilding yards, as well as a large export trade in 

grain and other agricultural produce. The erection of a stone bridge 

over the Tees at Stockton, between 1760-70, would appear to have given 

the first blow to its prosperity, and led to its gradual decline. Since 

then, vessels with falling masts can only reach its quays, which are now 

in decay ; but with its large warehouses they still serve to give evidence 

of its better days. Immediately below Stockton there was an island 
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i called Jenny Mills Island, and a shoal which was the measur© of the 

k available depth of water to the town. In 1804, Chapman states that 

he had found a cross sand running westward from the said island, below 
L the shipyards, obliquely towards the Yorkshire shore. The sand was 

^ mostly covered, and although the channel over it was suflficiently wide, 

. it was nowhere deep enough for a small ship's boat to get over without 

forcing its keel through. 
) From observations taken at the same time, it appears the rise of spring" 

tides at the quays, was 8 feet, so that the available depth of water would 
be under 9 feet at spring tides. At Newport there was a causeway or 
line of stepping stones, used by the monks in travelling between Guisbro' 
and Hartlepool ; at low water this was all but dry. Abreast of Cargo- 
fleet what is now called Cargofleet Scarf, and which was formerly known 
as the inner stones, had not a submergence of more than 2 feet at low 
water. Below the latter of these places the channel of the river had 
t undergone very great alterations; about 100 years ago it consisted 

of three separate branches or channels. One of the principal of these,, 
called the West Channel, took a northern divergence by Greatham Creek 
and Seaton Snook point. At this point there was a deep pool called the 
Lower Hole, where upwards of 100 wind bound vessels have found 
shelter in a single tide. Another branch called the south channel^ 
pursued the same direction as the existing channel to the 9th buoy, or 
outer stones, while the third took a course a little more to the north than 
the last, but joined it at the 9th buoy. These channels were continually 
altering both as to position and depth. And their ever-shifting character 
must have rendered them at once perplexing and dangerous. In 1762 
the course out over the bar was east, while the depth at that time, and 
it had been the same for some time previous, was 4 feet at low water. 
Then, as now, however, it was not permanent, but varied with the ever 
altering circumstances by which it was liable to be affected. About 
half a mile below Stockton, the river suddenly diverged towards the 
south, and after a circuitous course by Maudale and Acklam, of about 
2 J miles, returned to within 220 yards of the point of divergence. In 
1769, an individual named Edmund Ilarvey, suggested the propriety and 
advantage of forming a channel for the river through this neck of land. 
Through his representations, Jonathan Pickernell, of Whitby, was 
engaged by some of the principal inhabitants of Stockton and the 
neighbourhood, 1791, to report upon the desirableness of the under- 
taking, and the cost at which it could be accomplished. Nothing more 
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w«s done ttntil ^802, when Mr. William Chapman was called in to report 
upon the whole scheme. His report led to the formation of a provisional 
committee^ in 1804, and by this committee he was instnieted to survey 
the ground, prepare plans, and make an estimate of the work to be done, 
that an application might be made to Parliament tor the seoessary powers. 
It was Bot until 1808, hewever, that the Tees ^vigatioji Company was 
incorpomted by Act of Parliament, and empowered to make a navigable 
cut from the east side of the Sirer Tees, near Stockton, through the neek 
of land into the said river, near Portrack. No time was lost in com- 
mencing the work, and in 1810 the first cut was opened. The increased 
scourage occasioned by the shortening of the river course was 8]>eedily 
shown in the greater depth of water which it produced. So marked and 
palpable was the improvement, that the rise of tide at Stockton Quay, 
which formerly was 8 feet, was now increased to 10. fiut this, though 
an unquestionable advantage, was not equal to what was gained by the 
shortening of the river course, and escaping the great cinele round 
which all vessels, whether outward or homeward bound, had hitherto 
been compelled to sail In our day of steam power this would not 
perhaps be hailed as so great a boon, but let us revert to the time when, 
80 fiu* as ships were concerned, the only motive force was the wind, and 
after allowing for its uncertainty, let us take into acoount a channel beset 
by ever-shifting sandbanks, and we must see that the advantage to 
the perplexed and weary mariner must have been unspeakably great. 
Nor was the advantage confined to one particular class* The town of 
Stockton must have been greatly benefitted by the work. Facts, though 
stubborn things which cannot he denied, prove this^ The tonnage of the 
port, which in 1804 was 2-1,584 tons, had risen in 1812 only two years 
after the opening of the first cut, to 42,004 ton& 

The cut having been successftdly executed, and Ae traflSo greatly 
increased, the Company commenced confibung and regulating the river 
channel between Stockton and Newport This was attempted by con- 
structing groynes placed transversely to tbecurrent. The revenue continued 
steadily progressing till September, 1825, when the opening of the Stockton 
and Darlington Bailway, between Stockton and Shildon, gave a firesh 
impetus to trade, and heralded a new era in the history of oomznerciai 
K. enterprise. So greatly did this augment the river traffic that additional 

^- improvements were seen to be absolutely imperative. Several engineers 

were accordingly consulted ; among others Mr. H. H, Price and Mr. 
R. Stevenson* Both of these gentlemen furnished the Navigation, 

TT 
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Company with plans for improving the Tees. According to Mr. Price's 
plan^ it was proposed to cut a channel between Blue House Point and 
Newport, and to regulate and deepen the channel between the latter 
place and Gargofleet, by means of transversed jetties, with occasional 
longitudinal heads. There was no difference of opinion as to the pro- 
priety and importance of the cut between Blue House Point and Newport. 
This was proposed and advocated by both the engineers. The only 
difference of opinion regarded the alterations that should be made upon 
the river between Newport and Gargofleet. Mr. Stevenson proposed 
cutting a canal between these two places, or regulating the ezisting* 
currents by longitudinal training walls in place of transversed jetties. 
His objection to jetties and preference for training walls, we give in 
his own words — '^ To project numerous jetties into the river I regard 
as inexpedient, being often a dangerous incumbrance to navigation, 
tending to distract the current and to destroy the uniformity of the 
bottom. I would prefer continuous, or parallel dykes, on either side, which 
have been successfidly employed in deepening the Glyde, after its navi- 
gation had sustained material injury irom a perverse S}'stem of jetties." 
The plan chosen and acted on by the Navigation Gompany was that of 
Mr. Price, and jetties were accordingly constructed to a much greater 
extent than they had ever been on the Clyde, but after a trial of 37 years 
it was found that they were liable to all the objections that had been 
urged against them by Mr. Stevenson, and a plan somewhat similar to 
what he recommended was introduced, and is now being acted on by the 
present engineer. To carry out the plans of Mr. Price the company 
required power to raise additional funds, and in 1838, the tonnage of the 
port having, in the meantime risen to 87,833 tons, die second Act was 
obtained which gave authority t6 raise £30,000 by shares, and £30,000 
on mortgage. The second^ or Price's cut as it is called, was 1100 yards 
in length, and 75 yards in breadth. It cut off the bend of the river 
round by Portrack, shortening it very considerably, and was opened in 
1880. When this was done the Company began to construct the jetties 
which had been recommended to be placed in the river between Stockton 
and Gargofleet, with a view to fix the sandbanks and otherwise improve 
the navigation. In the same year the Stockton and Darlington Railway 
Company extended their line to Middlesbro*, and the first house of 
that now important and still rapidly increasing town was built Coals 
were at first shipped in the Tees by means of staiths, but these 
wetB fi)und not to answer. The shifting character of the sandbanks 
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with which the riyer abounded, occasioned great and rapid variationB in 
the depth of water at the yarious shipping places. This might also, to 
some extent, be owing to the works in progress at Bamblets Bight and 
BiUingham Beach; but so great and rapid were the changes, that berths, 
which had a depth of 12 feet at low water, might be left in a few weeks 
completely dry. After much consultation with engineers and the Stock- 
ton and Darlington Railway Company, it was at last determined to carry 
the channel of the river deeper into Bamblets Bight, that the current 
might be permanently diverted towards, and be driven with greater force 
upon, the south shore immediately in front of the Middlesbro' coal 
staiths. In 1828, the Clarence Company obtained an Act, empowering 
them to construct a line of railway from the collieries near Coxhoe, to 
Stockton and Haverton Hill ; an extension to Port Clarence was after- 
wards obtained, and from this place coals were first shipped in 1831. 
From this time the trade on both banks of the river continued rapidly to 
increase. 

For centuries the Elder Brethren of Trinity House, Deptford Strond, 
had buoyed the bay and river Tees as far up as the 9th buoy ; with this 
exception, nothing had been done below Cargofleet to fix the channel or 
enable the mariner to steer his proper course, either by night or day. 
The immense increase of traffic occasioned by the formation of railways 
along its banks, necessitated steps being taken to remedy this hitherto 
neglected evil. In their first Act, power was granted to the Navigation 
Company to light the bay and entrance to the Tees, and, as a remunera- 
tion for the cost and trouble, to levy light dues. Means were now taken 
to put in operation those hitherto dormant powers. Two leading lights 
were erected near Seaton, which serve to lead vessels clear of the Redcar 
rocks ; two others were constructed on the Bransand, to lead from the 
former over the bar, while a light-ship was moored at the 6th buoy to 
mark the arrival at safe anchorage. These lights were first exhibited on 
the 2nd May, 1839 ; and the following year the tonnage of the port rose 
to 651,333 tons. From this time vessels could enter and leave the Tees, 
from the 6th buoy, either by day or night. A still further improvement, 
in the way of lighting, was desiderated, and was ultimately obtained, when, 
at the 6th buoy, masters of vessels were unwilling to remain there, and 
desirous of reaching Middlesbro'. This induced the shipowners of that 
town to club together, and erect three temporary beacons, or lanterns, at 
their own expense. Seeing this, the Navigation Company, in 1842, lighted 
the river as &r up as Cargofleet. In this year, the Middlesbro' Dock was 
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opened^ and ther shipment of coals on l^e riret, hj the Stockton naad 
Darlington Kailway Gompanj, thenceforth ceased. 

No means had as yet been employed to improve Ae river bdow^ Carg;a- 
fleet. The sandbanks were continnally altering^ their form and position, 
and the stream was always divided into two and sometimes into ibee 
channehr; at such times the depth in the best water was less than two 
feety and generally very crooked. The casnahies to vessels^ and the 
difficulty experienced in navigating the channel^ and getting the lights to 
lead in the best water^ together witii the expense incurred by the freqoent 
removal of the buoys^ beacons^ and river HghtS; caused the attention of 
the Company to be directed to the improvement of that part of the 
navigation. Mr. Brooks was consulted, and he recommended a channel 
from Cargofleet to the fifth buoy, through the Seal Sands. Jetties were 
constructed on the south shore for the purpose of driving the channel 
over to the north ; but these works, although part of the general 
plan, were only constructed bit by bit in order to get rid of temporary 
inconveniences as they arose. The effect of these partial works was to 
damage the south channel without improving the north. The Company, 
having exhausted their borrowing powers, could only expend their surplus 
revenue on the execution of their plana, and this tended to give a piece- 
meal character to the work. 

The tonnage of the port continued, however, to increase up to 1848, 
where it reached its maximum, 742,521 tons. In the following year, the 
West Hartlepool Dock was opened, and the coals which had hitherto 
been shipped at Port Clarence were diverted to that harbour. The 
nayigation between Middlesbro' and the bar continued to grow worse; 
that — combined with the fiilling off of the dues, which had been leased 
to the Stockton and Darlington Railway Company, since 1846 — induced 
the latter Company, in 1850, to give notice of their intention to apply 
to Parliament the following session, for an Act to take the conservancy 
of the river out of the hands of the Company, and vest it in a public 
commission. The Navigation Company successfully opposed this measure, 
but pledged themselves to bring in a BiD the following session to accom- 
. plish, in a better form, the object which all saw to be necessaiy. 

The Act of 1852 was, accordingly, obtained by the Navigation Com- 
pany, and the conservancy of the river was by rt vested in a public 
commission, consisting of 15 members appointed in the following 
manner : — 3 by the Board of Trade ; 2 by the Ratepayers of Yarm; 5 
by the Town Council of Stockton, and 5 by the Town Council of 
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Widdlesbro'. At that time the navigation between Middlesbro' and the 
9th bnoj was in a Torj bad state; the stream was divided into three 
ebaanels^ and in the best of these three there was not more than 1 foot 
10 inches at low water^ spring tides ; all the channels were very crooked, 
and eonsequentlj very difficult of navigation. The erection of jetties, as 
recommended by Mr. Price, tended at first to improve the channel between 
Stockton and Middlesbro' ; but, as we have already noticed, the evils with 
which Mr. Stevenson represented them as being connected, very soon 
began to flhow themselves* As the alluvial matter accumulated on the 
foreshore, the depth of the channel began to lessen, deep holes were 
formed at the end of the jetties, while shoals collected both above and 
below them. To remedy this state of things, the engineer, as we ako 
formerly observed, recommended the adoption of a plan similar to what 
had been proposed by Mr. Stevenson, and immediate steps were taken 
f(Mr having the necessary working plans and sections prepared and sanc- 
tioned by &e Admiralty, and also plans of dredging machinery for the 
purpose of deepening Cargofleet and other shoals. The diversion of the 
Port Clarence traffic to West Hartlepool had very much reduced the 
tonnage of the port^ and the discovery of the ironstone in Cleveland, and 
the erection of the blast furnaces which immediately followed, tended 
stiU further to reduce the tonnage, inasmuch as a large proportion of 
the coals which had been shipped from Middlesbro' were now used in 
the smelting of iron; and the quantity of iron made was only sufficient 
at first to supply the wants of the neighbourhood. The tonnage of the 
port, therefore, from these causes continued to decline tQl the year ending 
October, 1866, in which year it was at the lowest, being only 290,668 
tons. The very marked falling off in tlie tonnage of the port, and 
consequent decrease of revenue to the Commissioners, retarded the 
commencement of the intended works. 

In 1866, the Commissioners determined, with the assistance of the 
Stockton and Darlington Railway Company, to proceed with the works, 
and, accordingly, in July of that year, operations were commenced at 
^' Jack-in-the-Box*' for the purpose of shutting up the north and middle 
channels, and guiding the whole of the tidal water through the south 
channel. The dredging of Cargofleet Scarp was at the same time com- 
menced, and through this shoal, which had been a great obstruction to 
the navigation of the river, a channel was cot, 200 feet in breadth, and 
giving a depth of 7 feet at low water. The difficulty experienced by the 
'■ Commissioners in obtaining money, with a revenue balance on the wrong 
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Bide, prevented the dredging and training works from being carried on 
80 expeditiously as they otherwise would have been. They were, how- 
ever^ carried forward as the money could be obtained^ and at Bueh places 
as were most necessary ; the rate at which they were constructed beings 
increased as the revenue improved, and as die money became more easily 
attainable. The channel as proposed by the Commissioners has now been 
cut through Cargojleet Scarp^ and they are still widening it. Nine 
miles of training walls have been completed, two and a half miles 
are now in progress, and there still remain other four miles to be 
constructed. In placa of three channels, with an available depth of 

1 foot 10 inches in the best, and so crooked that long steamers could not 
navigate any of them without leaving a deal of spare water under their 
keels, there is now a uniformly curved channel, with an available 
depth of 5 feet at low water spring tides. At the same time, the ton- 
nage of the port for the past year, has increased to 525,452. Although, 
as already stated, the first effect of the jetties constructed between New- 
port and Middle&bro' no doubt was to straighten and confine the channel 
and deepen it to some extent } yet as the spaces between the jetties filled 
up, it was found that the channel began to deteriorate ; new shoals began 
to form, and old ones get worse, so that in some places there was not 

2 feet 6 inches at low water; and the foreshore had now silted up to such 
an extent as to be of little or no value as a tidal receptacle. Under these 
circumstances, the Commissioners resolved to apply to Parliament for 
reclamation powers, to enable them to derive benefit from the reclamation 
of these accretions. The money obtained from the sale of the lands to be 
applied in dredging and deepening the channel, and thus compensating* 
for the loss of scouring powers. Since the obtaining of this Act (1858), 
160 acres of silted-up foreshore between Haverton Hill and Port Clarence 
have been reclaimed. The greater portion of the foreshore between New- 
port and Middlesbro', similarly silted up, has already been sold for the 
erection of wharves for the accommodation of the various public works 
that are rapidly rising in the neighbourhood of the river, and will be of 
no less material service in improving the revenue of the port* 

The Tees, as a general rule, has maintained a greater depth over its 
bar than any other river or harbour on the north-east coast; yet circum- 
stances have operated in preventing mariners giving it the confidence 
which it deserves on running to it for the shelter which it is fitted ta 
afford. These are, the varying depth and position of the channel, 
together with its situation in front of a low coast, with a long, broken 
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foreshore behind the bar. As alreadj mentioned, the depth of water oil 
the bar, in 1762, was 4 feet; during^ the last 20 years it has varied from 
12 feet 6 inches to 3 feet at low water, spring tides. The average may 
be stetbd at 9 feet 

The bar travels regtilarly from east to north by west, and is in its 
most southerly position when the channel lies east and west. The 
gradaal extension of the south gare forces the channel northwards, then 
the course out is about north by west; the current then cuts the south 
gare in two, when the north channel begins to fill up, until the east 
again becomes the navigable channel. The time occupied in travelling 
from point to point averages about 10 years. For two miles westward 
of the bar, the sea breaks, during storms, upon the low sandbanks on 
either side of the channel; and, from the overlapping of the gare, 
strangers are unable to detect any smooth water through which to navi- 
gate their vessels with safety. Even those well acquainted with the port 
frequently lose confidence, and prefer keeping the sea, or taking some 
other port, to entering the Tees when nothing can be seen but broken 
water ; and when they may also be apprehensive of some change, for 
the worse, in the depth, or alteration in the direction of the channel. A 
long continuance of westerly winds, with high tides and fresh water, 
tend to lengthen out the gares and raise them in height. The current 
being then confined, until close upon the bar, has sufficient force to 
counteract the heaping up tendency of the wave. As the bar deepens 
the power of the wave to heap up is very much diminished ; and, except 
for the moveable sand upon which the waves operate at high water, the 
depth could be easily maintained. 

On the other hand, a long continuance of westerly winds carries the 
sand inwards, and flattens down the south gare; as it is lowered in height, 
the sea operates with proportionately increased force upon the north, 
which is lowered in its turn ; the water, spreading over a much greater 
space, weakens the current, when, as a necessary consequence, the 
channel fills up, and the depth of water on the bar diminishes. 

The great drawbacks to the safe and easy navigation of the Tees, so 
far as the entrance and lower portion of it are concerned, may be thus 
briefly enumerated : — the wide expanse on each side of the channel on 
which the sea is allowed to break, the shifting nature of the sandbanks, 
the varying depth of water on the bar, and the unprotected state of the 
lower reach of the river. 

In the Tees Commissioners' Act of 1852, a clause was inserted, giving 
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the Lords Commissioners of the Admiralty power to construot a break-^ 
water upon the north gare, and hopes were then entertained that 
Government would advance the money required for its construction. 
Mr. Galver^ and the late Mr. Rendel; reported as to the exposed «ondi* 
tion of the river entrance, and the means necessary for its pratecdon and 
improvement. Its claims to aid were laid before the Select Committee 
of the House of Commons, and also before the Harbour of Befiige Com* 
missioners. It was soon seen^ however, that from neither of these quar- 
ters was any practical assistance likely to be derived ; and thus, derived 
of all extraneous help, the Commissioners resolved, if possible, to do the 
work themselves. From their commencement, in 1855, the low water 
training wall had been steadily extended towards the bar; the diannd, 
in consequence, had been gradually but greatly improved, and the cmly 
remaining barrier to the safe and easy navigation of the river was caused 
by the state of the bar. In this bustling and progressive age, despatch 
is important even to sailing vessels^ but for steamers it is indispensable; 
and the great increase in the number of the latter upon the river, made 
it plain to the Commissioners that they must commence the contemplated 
improvements without delay, if they wished to extend, or even retain, the 
existing traffic. Providence, it is said, helps those who help themselves, 
and when the designs of the Commissioners became known, the Stockton 
and Darlington Railway Company generously offered to carry material 
at a greatly reduced rate, while the ironmasters agreed to pay 2d. per 
ton for the removal of the slag, which will be largely employed in the 
present work. The payments, on the one hand, for the removal of the 
required material, and the reduction in the charge for carriage, on the 
other, will reduce the actual cost of the undertaking to one-third of the 
original estimate. Thus stimulated and encouraged, the Commissioners 
commenced operations, and the south gare breakwater has been in pro- 
gress during the past summer. Four years, it is caknlated, will be 
required for its completion. When sufficiently extended seaward as to 
affi>rd shelter to the north gare, the Commissioners have in contemplation 
the construction of a north gare breakwater, which, in consequence of 
the protection then afforded, will be constructed much more easily and 
cheaply than if commenced with now. The training walls^ still in pro- 
gress, will require about 18 months to carry them as &r as it would be 
safe or prudent to extend them until the breakwaters have been com- 
pleted. Vigorous dredging in the channel, from Stockton to the sea, 
will be commenced with as soon as the training walls have, for the pre- 
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sent, been finished. When the works to which we have referred as being* 
in progress^ or in contemplation, shall be successfully terminated, the 
lateral channels, in which the flowing and ebbing tides waste their 
8treng£h, will be shut up — the shifting sandbanks will be enclosed 
within permanent walls — the scouring power will be confined to the 
proper channel, when it will do its work in the right place and to the 
best advantage — the entrance will be unmistakeablj pointed out by sub- 
stantial landmarks on either side, between which, vessels may be run 
with confidence and perfect safety — ^the lower reaches of the river will 
be effectually sheltered, and the area of the anchoring pools will be 
greatly enlarged. Between the pier heads it is calculated that nearly 
100,000,000 tons of water will pass every flow and ebb of the tide. 
This, it is expected, will be sufficient to scour the sand from the bar, 
leaving it with a depth of at least 14 feet at low water, or an average 
depth of 28 feet at high water, 20 feet to Middlesbro', and 18 to 
Stockton. 



December, 1868. 
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